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The  hydra\ilic  studies  reported  herein  weie  conducted  in  the  Hy- 
draulic Laboratory  of  the  U.  S.  Army  Engineer  District,  Los  Angeles, 
during  the  period  19^9  to  195^ • Preparation  and  publication  of  the 
report  were  authoriz^^by  the  Office,  Chief  of  Engineers,  in  a letter 
dated  21  August  1969  to  the  Director,  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES),  Vicksbixrg,  Mississippi.  The  basic  model  data 
used  in  the  preparation  of  this  report  are  available  from  the  Permeinent 
Data  Files  of  WES.  This  report  is  submitted,  in  compliance  with  regula- 
tions of  ER  1110-1-8100,  to  present  the  data  and  results  of  model 
studies  for  the  Whittier  Narrows  Flood-Control  Basin. 

This  report  was  prepared  by  Mr.  D.  A.  Barela,  Hydraulics  Section, 
Los  Angeles  District,  under  the  supervision  of  Mr.  A.  Robles,  Jr.,  Chief 
of  the  Hydrology  and  Hydraulics  Breinch.  COL  Hugh  G.  Robinson,  CE,  was 
District  Engineer  during  publication  of  the  report. 

The  report  was  reviewed  and  published  by  WES.  COL  John  L.  Cannon, 
CE,  was  Commander  and  Director  of  WES  during  publication  of  the  report; 
Mr.  F.  R.  Brown  was  Technical  Director. 
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CONA^SION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (Sl) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  in  this  report  can  be  con- 
verted to  metric  (Sl)  units  as  follows: 


Multiply 

acres 

acre-feet 

cubic  feet  per  second 
degrees  (angle) 
feet 

feet  per  second 
inches 

miles  (U.  S.  statute) 
pounds  (mass) 


By 

401+6.856 

1233.482 

0.02831685 

0.01745329 

0.3048 

0.3048 

2.54 

1.609344 

0.4535924 


To  Obtain 

square  metres 

cubic  metres 

cubic  metres  per  second 

radians 

metres 

metres  per  second 
centimetres 
kilometres 
kilograms 
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SUMMARY 


The  investigation  of  Whittier  Narrows  Dam  was  conducted  to  verify 
and  supplement  hydraulic  computations  for  the  initial  designs.  The 
various  designs  were  altered  to  achieve  maximum  hydraulic  efficiency  and 
economy.  Particular  emphasis  was  given  to  the  flow  characteristics 
developed  in  the  Whittier  Narrows  hasin  from  inflow  provided  by  the  Rio 
Hondo  and  the  San  Gabriel  River  and  the  outflow  which  is  controlled  by 
two  hydraxilic  structures,  the  Rio  Hondo  outlet  works  (the  main  regulat- 
ing structure)  and  the  San  Gabriel  spillway. 

The  tests  were  conducted  upon  six  individual  models,  one  being  the 
general  model  of  the  Whittier  Narrows  basin.  In  general,  the  overall 
model  fvmctioned  as  assiamed  in  the  design  of  the  project.  However, 
problems  were  apparent  at  specific  points  which  needed  more  detail 
study,  namely  the  San  Gabriel  spillway,  the  Rio  Hondo  outlet  works,  the 
Rosemead  Blvd.  drop  structure,  and  the  San  Jose  diversion  channel.  The 
model  studies  of  these  structures  are  described  individually  in  this 
report . 
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Hydraulic  Model  Investigation 


PART  I : INTRODUCTION 


Pertinent  Feature  of  the  Prototype 


1.  The  Whittier  Narrows  Flood-Control  Basin  is  centrally  located 
on  the  south  side  of  San  Gabriel  Valley  in  the  vicinity  of  a natural 
topographic  constriction  known  as  Whittier  Narrows.  The  site  is  ap- 
proximately 3 miles*  south  of  the  city  of  El  Monte  and  3 miles  northwest 
of  the  city  of  Whittier.  The  general  location  of  the  basin  is  shown  in 
Plate  1. 

2.  The  flood-control  basin  has  an  area  of  2,865  acres  and  a 
capacity  of  36,l60  acre-feet  at  el  229-0  ft**.  At  the  top  of  the  earth- 
fill  dam  (el  239*0),  the  basin  encompasses  3,6itl  acres  with  a capacity 
of  65,890  acre-feet;  the  rrest  of  the  dam  is  16,690  ft  long  and  has  a 
height  of  56  ft  above  the  streambed.  The  general  plan  and  profile  of 
the  dam  are  shown  in  Plates  2 and  3,  respectively.  Figure  1 is  an 
aerial  view  looking  upstream  showing  Whittier  Narrows  Dam  and  Reservoir. 

3.  Appurtenant  features  discussed  briefly  in  this  report  include 
the  spillway  and  outlet  structures,  the  flood- flow  channel  and  drop 
structure  between  the  Rio  Hondo  and  San  Gabriel  River  just  upstream 
from  the  dam,  short  reaches  of  the  channels  of  Rio  Hondo  and  San  Gabriel 
River  within  and  immediately  upstream  of  the  reservoir,  and  the  San  Jose 
Creek  diversion  channel  (Plates  2 and  3). 


* A table  of  factors  for  converting  U.  S.  customary  units  of  measure- 
ment to  metric  (Sl)  units  is  presented  on  page  ix. 

**  Elevations  (el)  cited  herein  are  in  feet  referred  to  mean  sea  level 
(msl) . 
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Spillvay  Struct\ire 


U.  The  spillway  structure,  consisting  of  nine  50-ft-wide  by  29- ft- 
high  tainter  gates,  separated  by  six  8-ft-wide  and  two  l6-ft-wide  piers, 
is  located  to  discharge  into  the  San  Gabriel  River.  The  gate  sills  are 
at  el  200.0.  The  spillway  approach  channel  consists  of  a 530-ft-wide 
rectangular  section  extending  upstream  6O.5  ft  from  the  piers  of  the 
gate  structure.  The  upstream  end  of  the  channel  walls  diverge  as  quad- 
reint  wing  walls  on  a radius  of  35  ft.  The  discharge  through  the  gates 
flows  into  a 538-ft-wide  by  200-ft-long  rectangular  concrete  channel 
with  a slope  of  0.030.  The  downstream  end  of  the  spillway  channel  ter- 
minates in  a dentated  sill  with  8-ft-high  by  5-ft-wide  dentates,  spaced 
5 ft  apart.  The  upstream  slope  of  the  dentates  is  IV  on  2H.  The  height 
of  the  spillway  channel  walls  required  to  confine  the  spillway  design 
discharge  is  21  ft.  The  downstream  end  of  these  walls  diverge  as  quad- 
rant wing  walls  on  a radius  of  75  ft.  Downstream  from  the  spillway 
channel,  spillway  discharges  are  confined  between  grouted-stone , diverg- 
ing levees  for  a distance  of  about  500  ft.  The  right  levee  continues  on 
for  an  additional  1,250  ft.  The  plan  and  profile  of  spillway  are  shown 
in  Plate  k.  Figure  2 shows  the  completed  prototype  spillway  section. 

Outlet  Structure 


5.  The  outlet  structure,  located  approximately  2,000  ft  from  the 
right  abutment  of  the  dam,  will  discharge  into  the  Rio  Hondo  and  consists 
of  fo\ir  30-ft-wide  by  19-ft-high  gated  openings,  separated  by  three  8-ft- 
wide  piers.  The  four  tainter  gates  are  30  ft  wide  by  20  ft  high  with 
sills  at  el  l8it.0.  The  discharge  through  the  outlet  gates  flows  into  a 
lUlt-ft-wide  rectangular  concrete  channel,  which  is  connected  to  a UUO-ft- 
long  transition.  The  transition  varies  in  cross  section  from  a rectan- 
gular section  at  the  upstream  end  to  a trapezoidal  section,  with  a base 
width  of  100  ft  and  lV-on-2.25H  side  slopes  at  the  downstream  end.  The 
Rio  Hondo  improvement  is  connected  to  the  downstream  end  of  the  outlet 
channel.  The  general  plan,  profile,  and  sections  are  shown  in  Plate  5. 

2 


Aerial  view  looking  upstream  showing  completed  spillway  section 


Flood-Flow  Channel 


6.  The  flood-flow  channel  (Plate  2)  is  provided  to  divert  excess 
channel  capacity  flow  from  the  San  Gabriel  River  to  the  Rio  Hondo  outlet. 
The  flood-flow  cheuinel  and  appurtenant  intake  stabilizer  and  invert  drop 
structure  tuider  the  Rosemead  Blvd.  Bridge  are  designed  to  convey  low 
flows  to  adjacent  areas  with  minimum  flooding  and  to  pass  30,000  cfs 
without  inundating  Rosemead  Blvd.  (Figure  3).  The  channel  is  trape- 
zoidal in  cross  section  with  a base  width  of  UOO  ft  and  side  slopes  of 
IV  on  2.5H.  The  invert  slopes  upstream  and  downstream  of  the  structure 
are  0.002156  and  0.0020,  respectively. 

Rio  Hondo  Inlet  Channel 


7.  l‘’e  Rio  Hondo  inlet  channel  into  the  Whittier  Narrows  basin  is 
designed  for  a discharge  of  51,000  cfs.  The  trapezoidal  concrete  chan- 
nel has  a base  width  of  150  ft,  side  slopes  of  IV  on  2.25H,  and  an  in- 
vert slope  of  0.00363.  Levee  heights  vary  between  lit.5  and.  I6.5  ft  to 
provide  a minimum  freeboard  of  3*0  ft. 

San  Gabriel  River  Approach  Channel 

8.  The  San  Gabriel  River  from  the  upstream  edge  of  the  basin  to 
the  confluence  with  the  San  Jose  diversion  is  improved  to  provide  capac- 
ity for  a design  inflow  of  99,000  cfs.  The  channel  is  trapezoidal  in 
cross  section  with  base  width  of  450  ft  and  side  slopes  of  IV  on  2.3H. 
The  cheuinel  downstream  from  the  confluence  has  a base  width  of  500  ft, 
is  soft-bottomed,  and  has  grouted  stone-faced  levees.  The  invert  slope 
is  0.003052  and  is  stabilized  with  grouted  stone  and  derrick  stone. 

Levee  heights  vary  from  l4.0  to  17.5  feet  with  a minimum  freeboard  of 
3.0  ft.  A partial  plan  and  profile  and  levee  cross  sections  are  shown 
in  Plate  6. 


9.  The  San  Jose  Creek  diversion  channel  is  designed  to  divert 
the  design  discharge  of  38,000  cfs  from  San  Jose  Creek  to  San  Gabriel 
River  at  a point  upstream  of  the  flood-control  basin,  thus  permitting 
regulation  of  San  Jose  Creek  discharges.  The  channel  is  trapezoidal 
with  a base  width  of  150  ft  and  side  slopes  of  IV  on  2.3H  (Plate  6). 

The  side  slopes  are  protected  with  grouted  stone  facing.  The  invert 
slope  is  0.00290.  The  levee  heights  vary  from  16.O  to  I6.5  ft,  with  a 
minimum  freeboard  of  3.0  ft. 

Purpose  of  Study 

10.  The  general  purpose  of  the  model  studies  was  to  verify  the 
design  of  Whittier  Narrows  Flood-Control  Basin  and  its  appurtenant  fea- 
tures and  to  provide  means  for  correcting  any  unfavorable  conditions 
found  to  exist.  The  main  area  and  elements  of  concern  were:  (a)  the 
gate  discharge  calibration  for  various  gate  combinations  and  various 
gate  openings,  (b)  the  determination  of  spillway  gate  and  counterweight 
clearance,  (c)  the  effectiveness  of  the  quadrant  wing  walls  in  improving 
flow  conditions,  (d)  the  number,  size,  and  shape  of  the  end-sill 
dentates,  (e)  the  flow  characteristics  through  the  spillway  and  outlet 
structures  and  the  probable  scour  downstream  of  the  spillway  channel, 

(f)  the  flow  condition  through  the  Rosemead  Blvd.  Bridge  drop  structure, 
and  (g)  the  streambed  erosion  at  the  San  Jose  Creek-San  Gabriel  River 
confluence  euid  the  scour  downstream  of  the  stabilizer. 
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PART  II:  SPILLWAY  HALF-SECTION  MODEL 
SAN  GABRIEL  RIVER 


Technical  Featiires  of  Model  Construction 


Required  conditions 

11.  This  model  was  conceived  as  an  interim  study  to  verify  the 
design  of  the  spillway  structiire  during  the  preparation  of  the  contract 
plans.  A model  (or  half-plan)  with  a scale  ratio  of  1:1+2  was  selected 
as  the  most  suitable  for  the  pump  capacity  and  available  fall  between 
inlet  and  outlet.  It  was  believed  that  the  flow  conditions  in  the  pro- 
totype would  be  nearly  symmetrical  about  the  center  line  of  the  spillway 
and  that  a half-plan  model  would  give  suitable  res+ilts.  The  location 
and  type  of  structure  were  design  features  previously  determined.  The 
problem  involved  a determination  of  flow  characteristics  through  the 
spillway  energy  dissipator  and  probable  scour  downstream  of  the  spillway 
struct\ire.  The  details  of  the  structure,  upstream  and  downstream  quad- 
rant wing  walls,  end  sill,  cutoff  wall,  and  downstream  levees  were  sub- 
ject to  model  analyses.  Various  spillway  plans  were  simulated  and 
tested. 

Description  of  model 

12.  The  model  was  constructed  to  a scale  ratio  of  l:h2,  model  to 
prototype.  It  reproduced  four  half  bays  or  one  half  of  the  plan  of  the 
proposed  spillway,  a portion  of  the  east  embankment,  1,200  ft  of  the 
channel  below  the  end  sill,  and  510  ft  of  the  left  side  levee.  The 
spillway  proper  was  constructed  of  wood,  the  levee  of  cement  mortar,  and 
the  streambed  downstream  from  the  end  sill  of  sand. 

Theoretical  considerations 

13.  The  accepted  equations  of  hydraulic  similitude,  based  upon 
the  Froude  law,  were  used  to  express  the  mathematical  relations  between 
the  dimensions  and  hydraulic  quantities  of  the  model  and  the  prototype. 
The  scale  relations  used  in  the  study  are  shown  in  the  following 
tabulation: 


Dimension 


Ratio 


Scale  Relation 


Length 


Velocity 


Time 


Model  appurtenances 


14.  Water  used  in  the  model  operation  was  supplied  from  a recir- 
culating system.  A venturi  meter  installed  in  the  inflow  line  was  used 
to  measure  the  required  flow  that  was  conveyed  into  the  forebay  and 
thence  to  the  model  area.  A tailgate  at  the  downstream  end  of  the  model 
was  used  to  facilitate  the  flooding  and  draining  of  the  model.  Reser- 
voir pool  elevations,  spillway  water  depths,  and  scour  depths  in  the 
downstream  channel  were  determined  with  point  gages.  Velocities  were 
measured  with  a pitot  tube. 

15.  Sand  of  uniform  grain  size  was  placed  below  the  end  sill  and 
molded  to  the  profile  of  the  prototype  channel  to  provide  a rapid  and 
comparative  indication  of  erosion  resulting  from  the  various  spillway 
designs.  No  attempt  was  made  to  simulate  the  bed  material,  of  the  proto- 
type. General  scour  results  are  considered  to  be  qualitative.  As  the 
bed  material  of  the  prototype  and  model  was  considered  to  be  easily 
erodible,  the  depth  of  localized  scour  was  assumed  to  be  quantitative. 


Procediire  and  Accomplishment  of  Spillwa: 
Model  Tests  Half-Section 


Procedure  of  tests 

16.  Six  alternative  spillway  plans  were  tested  in  the  model. 
Featiires  tested  for  hydraulic  verification  included  straight  and  quad- 
rant wing  walls  in  the  inlet,  right  angle  and  quadrant  wing  walls  in  the 
outlet , and  outlet  channel  with  and  without  dentates . In  all  plans , the 
end  sill  was  at  el  19^.0  and  the  design  of  the  piers  was  unchanged. 
General  details  of  the  alternative  plans  are  shown  in  Plate  J. 


IT.  Tests  of  the  spillway  plans  A-F  were  made  to  determine  the 
effect  on  scouring  action  in  the  channel  below  the  end  sill  under  free- 
flow conditions.  This  procedure  was  considered  reasonable  since  more 
severe  conditions  than  were  contemplated  might  be  found  to  exist  in  the 
prototype  due  to  the  highly  erodible  quality  of  the  streambed  material. 

No  rock  protection  was  used  below  the  end  sill.  No  attempt  was  made  to 
obtain  quantitative  data  during  the  tests;  therefore  model  tests  were 
accomplished  by  visual  observation  and  results  were  recorded  by  photo- 
graphs. Spillway  plan  B was  tested,  but  no  data  or  photographs  were 
taken . 

18.  The  sireambed  downstream  from  the  end  sill  was  molded  in  sand 
to  provide  a rapid  means  of  comparing  the  sco\iring  tendencies  of  the 
various  spillway  plans.  To  obtain  comparable  scours  of  the  sand  bed  for 
each  spillway  plan  tested,  all  tests  were  of  20-min  duration  simulating 
a 2-hr  operation  (prototype).  The  prototype  discharge  simulated  during 
the  tests  was  25^,000  cfs.  Table  1 gives  all  tests  in  order  of  the 
testing  procediore  with  identifying  descriptions,  results,  and  illustra- 
tive references.  The  alternative  plans  are  summarized  below. 

19.  Spillway  plan  A.  This  plan.  Photo  1,  was  a plain-type  spill- 
way with  straight  wing  walls  upstream,  an  offset  levee  downstream,  and 
no  dentates  at  the  end  sill.  Photo  2 is  a visual  record  of  the  dis- 
charge as  it  passed  through  the  piers  and  of  the  flow  conditions  in  the 
channel  downstream  and  of  the  resulting  scour.  Test  of  this  plan  with 
prototype  discharge  of  25^,000  cfs  indicated  that  the  spillway  was  not 
effective  since  the  turbulence  below  the  end  sill  produced  excessive 
scour,  the  sand  being  scoured  away  to  form  a hole  of  considerable  depth 
along  the  entire  width  of  the  end  sill. 

20.  Spillway  plan  C.  In  this  plan,  the  straight  wing  walls  used 
in  plan  A were  revised  to  quadrant  walls  with  a radius  of  35  ft.  A row 
of  5-ft-high,  5-ft-wide,  by  15-ft-long  dentates,  spaced  on  10-ft  centers, 
was  added  to  the  end  sill.  Photo  3 shows  that  flow  conditions  through 
the  spillway  structure  were  improved;  however,  the  smoother  but  slower 
drawdown  resulted  in  higher  water  surface  to  concentrate  at  the  left  bay 
of  the  spillway  which  wo\ild  have  a detrimental  effect  on  the  velocity 
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distribution  downstream.  Maximiun  scour  occurred  on  the  right  side  of 
the  model  (Photo  3). 

21.  Spillway  plan  D.  This  plan  was  the  same  as  plan  C,  except 
that  the  dentates  were  increased  from  5 ft  to  8 ft  in  height.  Increas- 
ing the  height  of  dentates  improved  the  hydraulic  action  by  decreasing 
the  height  of  jxomp  and  by  moving  the  jump  downstream  and  caused  a great 
decrease  in  maximum  depth  of  scour.  The  hydraulic  action  held  the  mate- 
rial up  against  the  downstream  face  of  the  cutoff  wall  at  the  end  sill. 
The  scour  was  gradually  sloped  from  the  end  sill  with  the  deepest  point 
well  removed  from  the  end  of  the  structure.  However,  scour  at  the  left 
side  of  the  structure  did  occur  because  of  the  eddy  action  between  the 
spillway  wall  and  offset  levee  which  had  a tendency  to  carry  away  sand 
and  expose  the  cutoff  wall  at  that  location.  In  general,  this  plan  gave 
favorable  resiilts  insofar  as  providing  adequate  protection  for  the 
spillway  structure.  For  flow  conditions  and  scour  results,  see  Photo  4. 

22.  Spillway  plan  E.  In  this  plan,  the  alignment  of  the  levee 
was  revised.  The  levee,  which  was  previously  offset  from  the  spillway 
structvu:e,  was  joined  to  the  spillway  wall.  At  the  same  time,  the  levee 
face  was  warped,  with  the  upstream  face  vertical  and  the  downstream  face 
sloped  IV  on  2.25H.  In  the  test,  the  hydraulic  action  below  the  end 
sill  was  considerably  improved.  Although  this  plan  did  show  much  im- 
provement hydraulically  over  those  previously  tested,  excessive  scour 
caused  the  sand  to  be  moved  away  from  along  the  toe  of  the  levee.  The 
general  resxilts  were  similar  to  those  obtained  in  plan  C.  This  plan  to- 
gether with  views  of  its  hydraulic  performance  and  scour  are  shown 

in  Photo  5. 

23.  Spillway  plan  F.  This  plan  was  the  same  as  plan  D except 
that  the  downstream  end  of  the  spillway  wall  was  terminated  by  a quad- 
rant wall  with  a T5-ft  radius.  In  general,  this  dentated  plan  was  i’ound 
to  produce  the  most  favorable  hydraulic  action  and  shallower  scour  than 
those  previously  tested.  This  plan,  which  gave  the  best  resxilts,  was 
considered  satisfactory.  The  quadrant  wall  at  the  downstream  end  of  the 
spillway  wall  reduced  much  of  the  eddy  action  observed  in  plans  A,  C, 
and  D and,  consequently,  the  deep  scour  along  the  toe  of  the  levee. 
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General  view  of  the  model,  hydraulic  performance,  and  re: ulting  scour 
are  shown  in  Photo  6.  The  scour  pattern  for  this  plan  is  shown  in 
Plate  8.  Water  depth  contoxirs  for  25^,000  cfs  are  shown  in  Plate  9; 
water-surface  cross  sections  are  shown  in  Plate  10. 

2k.  Additional  tests  on  spillway  plan  F.  Tests  were  conducted  to 
determine  the  depth  of  cutoff  wall  at  the  downstream  end  of  the  spillway 
and  the  extent  of  rock  protection  required  downstream  of  the  end  sill 
and  along  the  toe  of  the  levee.  Six  tests  were  made  on  three  types  of 
rock  apron  designs,  one  being  a 10-ft-thick,  plain  rock  apron  on  a IV- 
on-2H  slope,  extending  to  a depth  of  20  ft;  the  other  two,  designated  as 
rock  protection  plan  1 and  rock  protection  plan  2,  are  shown  in  Plate  7. 
Spillway  plan  F (recommended)  was  used  in  the  testing.  Testing  of  each 
type  apron  design  was  made  with  a prototype  discharge  of  254,000  cfs  and 
a 30-min  (model)  duration.  Also,  tests  simulating  discharges  of  150,000 
and  200,000  cfs  as  well  as  a design-flood  hydrograph  were  made  of  rock 
protection  plan  2 (recommended  plan).  Resiilts  of  these  tests  are  shown 
in  p'lotographs  and  scour  patterns.  Table  2 gives  a resxam^  of  the  re- 
sults of  each  rock  apron  test  with  illustrative  references.  Rock  pro- 
tection tests  are  summarized  below. 

25.  Test  with  plain  rock  apron  (254,000  cfs).  Scour  pattern  was 
obtained  for  a discharge  of  254,000  cfs.  A 30-min  operation  at  a dis- 
charge of  254,000  cfs  resulted  in  displacement  of  rock  only  in  the 
vicinity  of  the  quadrant  wall.  The  maximum  depth  of  scour  was  4o  ft  at 
a point  l40  ft  downstream  from  the  end  sill  and  300  ft  from  the  toe  of 
left  levee.  Flow  conditions  together  with  a view  of  the  scour  after  the 
30-min  run  are  shown  in  Photo  7«  Scour  pattern  is  shown  in  Plate  11. 

26.  Test  with  rock  protection  plan  1 (254,000  cfs).  Since  the 
previous  test  had  indicated  that  the  rock  would  be  displaced  in  the 
vicinity  of  the  quadrant  wall,  this  area  was  heavily  armored  with  graded 
derrick  stone  as  shown  in  Photo  8.  Comparison  of  the  scour  results  of 
this  test  with  those  produced  by  the  previous  test  showed  that  with 
254,000  cfs  the  general  pattern  of  scour  was  improved  since  it  was  much 
shallower.  The  maximum  depth  of  scour  was  34  ft,  at  a point  110  ft 
downstream  from  the  end  sill  and  I60  ft  from  the  toe  of  left  levee. 
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General  views  of  the  model  are  shown  in  Photo  8.  Photographs  of  the 
flow  and  scour  below  spillway  are  shown  in  Photo  9;  the  scour  pattern  is 
shown  in  Plate  12. 

2J.  Test  with  rock  protection  plan  2 (25^1.000  cfs).  The  rock 
protection  was  revised  to  conform  to  rock  plan  2 (Plate  T).  General 
views  of  the  model  together  with  rock  placement  are  shown  in  Photo  10; 
scour  photographs  are  shown  in  Photo  11.  The  results  were  similar  to 
those  with  rock  plan  1 but  less  severe  in  the  area  adjacent  to  the  quad- 
rant wall.  Maximum  depth  of  scour  was  k2  ft,  125  ft  downstream  from  the 
end  sill  and  225  ft  from  the  toe  of  left  levee.  Scour  pattern  is  shown 
in  Plate  13.  This  rock  plan  gave  assurance  of  providing  adequate  pro- 
tection for  the  stability  of  the  spillway  structure. 

28.  In  addition  to  the  foregoing  test,  tests  simulating  a design- 
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flood  hydrograph  and  prototype  discharges  of  150,000  and  200,000  cfs 
were  made  on  rojk  plan  2.  Radial  gates  were  installed  to  regulate  the 
flows  through  the  spillway.  The  height  of  gate  was  determined  by  the 
requirement  that  in  the  closed  position,  the  tops  of  the  gates  would  be 
at  reservoir  design  water-surface  el  229.0.  Results  of  these  tests  are 
briefly  discussed  in  the  following  subparagraphs. 

a.  With  a discharge  of  200,000  cfs  the  overall  flow  condi- 
tions through  the  spillway  section  were  satisfactory. 

Flow  conditions  through  the  spillway  with  pool  el  231.5 
are  shown  in  Photo  12;  for  this  discharge  (200,000  cfs) 
the  gates  were  opened  20.7  ft.  The  scour  results  after  a 
1-hr  run  (model  time)  were  generally  similar  to  those 
obtained  with  25^,000  cfs  and  a 30-min  run.  However,  the 
deepest  sco\ir  hole  in  this  test  was  slightly  less.  The 
maximum  depth  of  scour  was  UO  ft,  125  ft  downstream  from 
the  end  sill  and  28o  ft  from  the  toe  of  left  levee. 

Scour  photographs  are  also  shown  in  Photo  12;  scour 
pattern  is  shown  in  Plate  lU. 

b.  With  a discharge  of  150,000  cfs  (Photo  13)  and  a 1-hr 
50-min  (model)  operation,  the  depth  of  maximum  sco\ir 
was  3*+  ft.  It  occurred  110  ft  downstream  from  the 
end  sill  and  ITO  ft  from  the  toe  of  the  left  levee. 
Results  of  the  scour  are  shown  in  Photo  13  and  Plate  15 . 

c_.  A design-flood  hydrograph  was  simulated  in  this  test. 

Table  3 gives  the  range  of  discharges,  corresponding  pool 
elevations,  and  gate  openings.  The  time  of  hydrograph 
run  was  6 hr  41  min  (model  time).  The  hydrograph  r\ui  is 


21 


1^ 

I 

K 

aj 

i' 

i 

h 

!l 


i 


rji3'  x:*;—'' 


shown  in  Photo  results  of  scour  are  shown  in  Photo  15. 
Plate  l6  shows  sco\ir  pattern.  This  test  gave  somewhat 
better  results  in  the  scour  pattern  than  that  produced  by 
the  previous  tests.  The  scour  was  such  as  to  be  con- 
sidered moderate  but  was  satisfactory  for  stability 
of  the  spillway  structure.  Maximum  scour  of  Uo  ft  oc- 
curred 155  ft  from  the  end  sill  and  260  ft  from  the  toe 
of  left  levee. 


Conclusions 

29.  In  general,  results  of  the  tests  indicated  that  the  scour 
patterns  downstream  from  the  end  sill  were  essentially  the  same  for  all 
rock  apron  designs.  However,  severe  scovir  at  the  left  side  adjacent  to 
levee  did  not  occur  with  rock  plan  1 or  rock  plan  2 because  of  the  heavy 
rock  protection  in  that  area.  Spillway  plan  F equipped  with  dentates, 
quadrant  wall  downstream,  and  rock  protection  plan  2 gave  the  most 
favorable  results. 
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Table  1 

S\jmmary  of  Test  Data 


Discharge  234,000  cfs 
Model  Tests  20-iiiin  Dvirat ion 


Spillway 

Plan 

Reference 

Photograph 

Remarks 

A 

1 and  2 

Maximum  scour  occvu:red  on  right 
side  of  model 

B 

Visual  observation  only 

C 

3 

Stable  flow  conditions  through 
piers.  Excessive  scour  adja- 
cent to  levee 

D 

J| 

Material  held  against  end  sill. 
Moderate  scour 

E 

5 

Maximxam  scour  occiirred  along  and 
below  warped  levee.  Structure 
endangered 

F 

6 

Satisfactory  flow  conditions  with 
quadrant  wall.  Stable  flow. 
Minimum  scour 
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Resume  of  Tests  on  Spillway  Plan 


Half-Section 


Pool 

Gate 

Time  Increments 

Elevation 

Opening 

Proto 

Model 

DischarRe,  cfs 

ft  msl 

ft 

hr 

min 

hr 

min 

1*0,000 

229.5 

2.9 

1 

15 

0 

12 

Ti*,ooo 

230.0 

5.6 

1 

30 

0 

l4 

104,000 

230.5 

8.4 

1 

45 

0 

l6 

125,000 

231.0 

10.5 

11 

45 

1 

48 

14t,600 

231.5 

12.8 

3 

30 

0 

32 

172,400 

232.0 

l6.1 

3 

15 

0 

30 

203,000 

233.1 

20.7 

1 

15 

0 

12 

234,000 

233.8 

Fully  open 

0 

30 

0 

5 

244,000 

234.0 

Fully  open 

1 

0 

0 

10 

254,000 

234.0 

Fully  open 

1 

30 

0 

l4 

244,000 

234.0 

Fully  open 

0 

45 

0 

7 

234,000 

233.8 

Fully  open 

0 

45 

0 

7 

203,000 

233.1 

20.7 

1 

0 

0 

10 

172,400 

232.0 

l6.1 

0 

45 

0 

7 

147,600 

231.5 

12.8 

0 

30 

0 

5 

125,000 

231.0 

10.5 

1 

0 

0 

10 

104,000 

230.5 

8.5 

1 

30 

0 

14 

74,000 

230.0 

5.6 

4 

30 

0 

42 

40,000 

229.5 

2.9 

5 

0 

0 

45 

6 

4o 
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Photo  3.  Spillway  plan  C,  with  quadrant  walls  upstream  and  5-ft-high  by  5-ft-wide 

dentates,  spaced  5 ft  apart 
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Spillway  plan  F,  with  10-ft-thick  blanket  of  rock  protection  extending  to 
depth  of  20  ft  below  end  sill 


Looking  upstream  at  sand  backfill  over  rock  protection 
Photo  8.  Spillway  plan  F,  rock  protection  plan  1 


Scour  after  30-niin  run 
Spillway  plan  F,  rock,  protection  plan 
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Looking  upstream 

Photo  10.  Spillway  plan  F,  rock  protection  plan 


Photo  12.  Spillway  plan  F,  rock  protection  plan  2,  discharge  200,000  cfs 
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Photo  13.  Spillway  plan  F,  rock  protection  plan  2,  discharge  150,000  cfs 
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3l*,000  cfs,  gate  opening  8.4  ft  125,000  cfs,  gate  opening  10.5 

Photo  lit.  Spillway  plan  F,  rock  protection  plan  2,  hydrograph  run  (sheet  1 of  3) 
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opening  20,7  ft  234,000  cfs,  gates  fully  open 
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Photo  15.  Spillway  plan  F,  rock  protection  plan  2,  scour  after  hydrograph 

run;  elapsed  time  6 hr  UO  min 
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PART  III:  RIO  HONDO  OUTLET  STRUCTURE 


Technical  Features  of  Model  Construction 


Description  of  model 

30.  The  model  of  the  outlet  structure,  constructed  to  a scale 
ratio  of  1:2^*,  model  to  prototype,  reproduced  a portion  of  the  earth-fill 
dam  embankment  on  each  side  of  the  gate  control  section,  an  upstream  ap- 
proach section,  and  1,200  ft  of  trapezoidal  channel  downstream  from  the 
outlet  structure.  A warped-wall  transition  250  ft  long  connects  the 
converging  rectangular  section  downstream  from  the  outlet  structure  to 
the  trapezoidal  channel.  Part  of  the  reservoir  area  was  simulated  by  a 
wooden  forebay  equipped  with  baffles  to  ensure  tranquil  flow  conditions.- 
All  portions  of  the  model  were  constructed  of  wood,  namely  timbers  and 
waterproofed  plywood.  The  control  section  was  divided  into  four  bays. 

The  prototype  bays  are  30  ft  wide  and  separated  by  8-ft-wide  piers.  The 
adjustable  model  radial  gates  were  constructed  of  sheet  metal.  The 
longitudinal  slopes  of  the  Rio  Hondo  channel  were  0.00859  between  the 
outlet  structure  and  sta  15+00  and  about  0.0019  from  sta  15+00  to  the 
end  of  the  model.  Wooden  rails  set  to  grade  along  each  side  of  the 
model  provided  a reference  plane  for  use  of  all  measuring  devices. 

Scale  relations 

31.  The  general  relations  for  the  transfer  of  model  data  to  pro- 
totype equivalents  or  vice  versa  are  presented  below: 


Dimension 

Ratio 

Scale  Relations 

Length 

L 

r 

1:2U 

Area 

A = L^ 
r r 

1:576 

Velocity 

V 

r r 

l:lt.90 

Time 

T = L^^^ 
r r 

1:U.90 

Discharge 

Q 

r r 

1:2,822 

Roughness  coefficient 

N = 
r r 

1:1.698 
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Procedures  and  Accomplishment  of 
Outlet  Model  Tests 


Procedure  of  tests 

32.  The  generEil  model  testing  procedure  for  the  various  features 
of  the  outlet  structure  design  was  as  follows:  (a)  study  flow  condi- 
tions in  the  outlet  works  for  an  uncontrolled  and  controlled  discharge 
of  U0,000  cfs,  (b)  test  various  pier  designs  to  obtain  adequate  drawdown 
from  the  approach  channel  to  the  gate  section,  eind  (c)  determine  the 
gate  discharge  characteristics  of  the  outlet  works  for  various  combina- 
tions of  gate  openings  and  reservoir  water-surface  elevations. 

Original  design 

33.  This  design,  as  shown  in  Plate  IT  and  Photo  l6,  incorporated 
the  following:  (a)  an  approach  channel  having  parallel  walls  with 
30-ft-radius  curves  at  upstream  toe  of  levee  (no  wing  walls),  (b)  slop- 
ing 95-ft-long  dividing  piers  upstream  and  vertical  semicircular  tails 
downstream,  and  (c)  an  exit  channel  (Rio  Hondo  channel)  downstream  from 
the  outlet  structure. 

3U.  Tests  simulating  a prototype  discharge  of  40,000  cfs  with  all 
gates  fully  open  and  with  all  gates  open  10  ft  were  made  on  the  original 
design  (Photos  IT  and  18,  respectively).  These  tests  indicated  that  no 
real  hydraulic  advantage  could  be  gained  by  providing  sloping  extensions 
upstream.  The  dividing  piers  upstream  did  not  produce  a smooth  division 
of  flow  into  the  gate  passages.  An  imbalanced  flow  existed  in  the  gate 
section,  setting  up  high  waves  in  the  transition  downstream.  However, 
flow  conditions  in  the  channel  downstream  from  the  transition  were 
stable.  Water-surface  elevations  were  measured  in  the  channel  for  a 
discharge  of  40,000  cfs  with  all  gates  completely  open  and  reservoir 
water-surface  el  20T.0  and  with  all  gates  open  10  ft  and  reservoir  water- 
surface  el  229.0.  Depth  contours  determined  from  water-surface  measure- 
ments are  shown  in  Plates  I8  and  19. 

35-  Changes  to  the  original  design  were  made  by  modifying  the 
pier  design  in  an  attempt  to  produce  the  required  drawdown  at  the  en- 
trance to  the  gates  in  order  to  have  ample  clearance  imder  the  curtain 


wall  for  the  design  discharge  of  40,000  cfs.  Four  tests  on  three  pier 
designs  were  conducted  in  connection  with  finding  a suitable  pier  design 
for  the  Rio  Hondo  outlet  works.  The  hydraulic  conditions  for  these  tests 
were  studied  using  the  same  discharge  (40,000  cfs)  and  all  gates  were 
completely  open.  These  pier  designs  are  shown  in  Plate  20. 

Test  1 (reservoir 
water-svirface  el  207.2) 

36.  The  upstream  dividing  pier  extensions  in  the  original  design 
were  eliminated  and  replaced  with  a parabolic  nose  so  that  each  end  of 
the  pier  was  vertical.  There  was  very  little  improvement  over  the  origi- 
nal design.  Flow  conditions  at  the  gate  section  were  not  favorable. 
Downstream  flow  was  somewhat  improved.  Waves  downstream  from  the  outlet 
structure  were  not  considered  objectionable  as  they  diminished  rapidly 
downstream.  Only  visual  observations  were  made. 

Test  2 (reservoir 
water-surface  el  206. T) 

37.  In  this  test,  the  piers  were  not  altered  from  the  previous 
test  but  26-ft-high  (top  el  210.0)  quadrant  wing  walls  with  a radius  of 
30  ft  were  added  to  the  entrajice  channel  to  obtain  sufficient  drawdown 
at  the  gate  entrance.  The  curved  wing  walls  made  the  conditions  better 
to  the  extent  that  smoother  flow  was  obtained  in  the  approach  channel 
but  still  did  not  produce  enough  drawdown  at  the  gate  entrance  to  clear 
the  curtain  wall.  Uneven  flow  distribution  was  noted  through  the  gate 
section.  Downstream  flow  conditions  were  very  similar  to  those  in  the 
previous  test.  Only  visual  observations  were  made. 

Test  3 (reservoir 
water-surface  el  206.l) 

38.  Pier  extensions,  9^  ft  long  and  26  ft  high,  tapering  from  the 
width  of  the  pier  (8  ft)  to  a width  of  1-1/2  ft  at  the  upstream  end  were 
tested.  The  three  piers  were  symmetrical  and  vertical  on  both  ends. 

The  drawdown  at  the  gate  section  was  down  to  el  200.0  (depth  under  cur- 
tain wall,  16  ft).  Improvement  of  the  flow  through  the  gate  section  was 
noted.  The  uneven  flow  distribution  across  the  gate  openings  en- 
countered in  test  2 was  partly  eliminated  (Photo  19).  Downstream  depth 


at  sta  12+50  (beginning  of  transition)  was  about  13  ft.  When  discharge 
was  increased  to  U6,000  cfs  (reservoir  water-surface  el  208.2),  the 
depth  under  the  curtain  wall  was  IT  ft  and  the  depth  at  sta  12+50  was 
about  lit  f^.  Overall  conditions  were  good. 

Test  k (reservoir 
water-surface  el  206.2) 

39-  It  was  necessary  to  further  reduce  the  depth  of  flow  in  the 
approach  channel.  The  reduction  was  accomplished  by  increasing  the 
cross-sectional  area  upstream  from  the  gate  section.  Piers  1 and  3 were 
constructed  unsymmetrical.  The  outward  side  of  piers  1 and  3 was 
beveled  inward  and  the  inward  side  was  parallel  to  the  center  line  of 
the  outlet  structure.  The  center  pier  remained  symmetrical.  These 
unsymmetrical  piers  improved  flow  conditions  at  the  gate  section,  and 
stable  flow  conditions  downstream  were  obtained.  The  flow  was  generally 
uniform  in  depth  downstream  from  the  gates.  These  piers,  as  designed, 
proved  to  be  satisfactory.  Of  the  three  pier  designs  described  above, 
the  tests  indicated  that  the  unsymmetrical  piers  would  give  the  best 
hydraulic  performance  for  the  design  discharge  (Photo  20). 

Final  design 

UO.  In  the  final  design,  the  outlet  structure  walls  were  flared 
out  and  30-ft-long  downstream  pier  extensions  were  added  to  the  symmet- 
rical piers  used  in  test  3.  For  plan,  profile,  and  sections  see  Plate  5- 
The  flared  walls  and  the  tapered  piers  gave  the  approach  channel  a much 
greater  cross-sectional  area  than  that  at  the  gate  entrance.  This  design 
produced  the  most  satisfactory  flow  conditions  and  no  further  revision 
was  considered  necessary  (Photo  2l).  The  coefficients  of  discharge  for 
various  gate  openings  are  listed  in  Table  U.  The  discharge  curves  for 
various  gate  combinations  (gates  open  12  and  l6  ft)  are  shown  in 
Plate  21.  The  discharge  ciarves  for  partial  gate  openings  (all  gates) 

are  shown  in  Plate  22.  The  discharge  curve  for  free  flow  condition  is 

3/2 

represented  by  the  formula  Q = CLH  . The  discharge  coefficient, 
determined  from  the  model  for  Q = 1+0,000  cfs,  was  2.90.  Water-surface 
profiles  for  discharges  of  ltT»000  and  1+0,000  cfs  with  gates  f+illy  open 
are  shown  in  Plates  23  and  21+ , respectively.  For  plot  of  test  data  as 
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Table  4 

Rio  Hondo  Outlet  Structure  Gate  Calibration 


AVERAGE 

H(FT) 

CFS 

. Q 
•^‘aTHh 

4 GATES-OPEN 

FEET 

3.UG 

2822 

0.625 

4.468 

3366 

0 832 

6.076 

3951 

0.631 

8.020 

4151 

0.828 

10.252 

5080 

0.623 

12.400 

5644 

0.831 

15.088 

6206 

0.830 

17.956 

6773 

0.830 

21.124 

7337 

0.829 

24.186 

7402 

0.834 

26.012 

8486 

0.830 

31 .660 

9030 

0.833 

35  740 

9595 

0.833 

39.760 

10159 

0.836 

44.440 

1 0724 

0.826 

average 

H(FT) 

DISCHARGE 

CFS 

& 

‘^'aTTSh 

4 GATES-OPEN  8 FEET 

7.90 

16932 

0.790 

11.43 

19754 

0.759 

15.21 

22576 

0.752 

19.72 

25398 

0.742 

23.73 

26220 

0.752 

28.83 

31042 

0.750 

34.47 

33864 

0.749 

40.24 

36686 

0.752 

43.34 

38097 

-j 

0.751 

AVERAGE  DBCHARGE  . 
CFS 


2 CENTER  GATES  OPEN  I2FT 

2 OUTER  OATES  CLOSED 

8.79 

14110 

0.826 

1 1 .26 

15521 

0.801 

13.52 

16932 

0.798 

16.28 

18343 

0.787 

18.56 

19754 

0.794 

21.81 

21165 

0 785 

24.77 

22576 

0.786 

27.85 

23987 

0.787 

31  .04 

25398 

0.790 

34.40 

26809 

0 792 

37.70 

26220 

0 796 

4 GATES-OPEN 

FEET 

5.892 

5644 

0.806 

6.652 

6773 

0.796 

11.796 

7902 

0.796 

15.480 

9030 

0.794 

19.464 

10159 

0.796 

24.036 

11288 

0.797 

29.256 

12417 

0.794 

35.016 

13546 

0.792 

40.620 

14674 

0.797 

45.000 

15521 

0.800 

4 G4TES-0PEN  4 FEET 


2 CENTER 
4 OUTER 

GATES  OPEN  IBFT 
GATES  CLOSED 

11.33 

21165 

0 817 

13.51 

22576 

0 796 

15.43 

23987 

0.794 

17.40 

25398 

0.791 

19.40 

26809 

0.790 

21  .63 

28220 

0.766 

23.80 

29631 

0.789 

25.98 

31042 

0 791 

28.43 

32453 

0.791 

31.15 

33864 

0.766 

AVERAGE 

DISCHARGE 

OEPTM  FT 

CFS 

[all  4 GATES  OPENI 

FOR  FRI 

E FLOW 

CONO 

riON 

8.642 

8466 

9.612 

9877 

10.466 

11288 

11.248 

12699 

11.964 

14110 

12.858 

15521 

13.390 

16932 

14.004 

18343 

14  892 

19754 

15.540 

21165 

16.132 

22576 

16  eio 

23987 

17.350 

25398 

1 7 946 

26809 

1 6 560 

28220 

19  012 

29631 

19.528 

31042 

20.200 

32453 

20.662 

33664 

21.326 

35275 

21.849 

36666 

22.300 

38097 

22.744 

39508 

23.316 

40919 

7 

686 

8466 

10 

484 

9877 

13 

712 

11288 

17 

540 

12699 

21 

488 

I4II0 

25 

964 

13521 

30 

968 

16932 

36 

176 

58343 

2 OUTER 

2 CENTEI 

GATES  OPEN  12FT 
GATES  CLOSED 

4.506 

11288 

0.922 

7.306 

12699 

0.613 

9.976 

14110 

0.774 

12.658 

1552  1 

0.765 

15.256 

16932 

0.751 

17.728 

1 8343 

0.755 

21.064 

1 9754 

0.746 

24.C4B 

2IIC5 

0.746 

27.228 

22576 

0.748 

30.528 

23967 

0.751 

34.184 

25398 

0.752 

37.956 

26809 

0.754 

Looking  stream 

Photo  IT.  Original  design;  discharge  U0,000  cfs,  gates  fully  open,  reservoir  water-surface  el  207.0 
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Looking  downstream 

Photo  20.  Test  It,  unsymmetrical  piers.  Middle  pier  tapered,  outside  piers  beveled  inward. 

Top  of  wing  wall  at  el  210.0 
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Photo  21.  Final  design,  discharge 
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WHITTIER  NARROWS- 
RIO  HONDO  OUTLET 
GATE  CALIBRATION 

FINAL  DESIGN 


PLATE  21 
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PART  IV:  GENERAL  MODEL  OF  WHITTIER  NARROWS  DAM 


Technical  Featx^res  of  Model  Construction 


Required  conditions 

1+1.  In  establishing  the  hydraulic  merits  of  the  spillway  struc- 
ture design  features  as  to  their  adequacy  in  a unified  performance  and 
in  assuring  protection  for  the  stability  of  the  structvire,  the  fol- 
lowing effective  factors  of  the  prototype  required  consideration  in 
determining  the  construction  and  behavior  of  the  model: 

a.  The  best  type  of  training  walls  for  maintaining  a smooth 
flow  condition  through  the  gate  section. 

b.  The  most  satisfactory  type  and  size  of  dentates  for  even 
distribution  of  flow  at  the  end  sill. 

£.  The  type  and  depth  of  derrick  stone  protection. 

d.  The  flow  conditions  in  the  channel  downstream  from  the 
spillway  structxrre. 

The  probable  effect  of  scour  depth  downstream  dxiring 
flood  flows  on  the  efficiency  of  the  cutoff  wall, 
dentates,  and  derrick  stone  aprons. 

Description  of  model 

1+2.  The  comprehensive  model,  constructed  to  a scale  ratio  of  1:60, 
model  to  prototype,  reproduced  the  San  Gabriel  River  spillway  structure, 
the  Rio  Hondo  outlet  structure,  the  Rosemead  Blvd.  Bridge  and  drop 
structure,  the  flood- flow  channel,  and  the  San  Jose  Creek  Diversion-San 
Gabriel  River  confluence.  The  reservoir  area,  although  not  reproduced 
in  its  entirety,  was  large  enough  to  produce  the  characteristic  flow 
required  in  the  operation  of  the  pertinent  features  of  the  model.  The 
embankment  forming  the  dam,  the  levees  forming  the  outlet  and  spillway 
channels,  and  the  topographic  features  of  the  basin  were  molded  in 
cement  mortar  except  the  San  Gabriel  River  inflow  channel.  The  portion 
of  the  model  representing  the  spillway,  outlet  structures,  and  piers 
was  constructed  of  waterproofed  wood  to  simvilate  reinforced  concrete. 
Crushed  rock  was  used  to  simxilate  the  derrick  stone  which  was  placed  at 
the  downstream  end  of  the  spillway  structure  to  minimize  scour.  The 


tainter  gates  were  fabricated  of  wood  and  sheet  metal.  The  spillway- 
gates  were  operated  by  a reduction  gear  box  on  each  end  of  the  gate 
assembly.  The  streambed,  molded  in  sand,  was  instrumental  in  the  deter- 
mination of  the  scour.  The  Rosemead  Blvd.  drop  structure  was  molded  in 
concrete.  The  bridge  is  comprised  of  four  wooden  piers.  The  model  con- 
figuration of  the  reservoir  area  is  shown  in  Photos  22  and  23.  Photo  22 
also  illustrates  the  curves  in  dam  alignment  near  the  spillway  and  out- 
let structure. 

Scale  relations 

43.  General  relations  for  the  transference  of  model  data  to  pro- 
totype equivalents  or  vice  versa  are  presented  in  the  following 
tabulation: 


Dimension 

Ratio 

Scale  Relatii 

Length 

L 

r 

1:60 

Area 

A = 
r r 

1:3,600 

Velocity 

V = 
r r 

1:7. 75 

Time 

T .P/" 
r r 

1:7.75 

Discharge 

« 

r r 

1:27,885 

Voliame 

3 

V = L 
r r 

1:216,000 

Procedure  and  Accomplishment  of 
General  Model  Tests 

Spillway  structure 

44.  Procedure  of  tests.  The  general  procedure  in  testing  the 
designs  was:  (a)  study  of  the  currents  in  the  reservoir  to  determine 
their  influence  on  the  stability  of  the  structure  and  operation  of  the 
spillway;  (b)  study  of  the  approach  conditions  to  determine  the  design 
of  the  upstream  wing  walls  and  the  location  of  the  automatic  control 
system  intakes;  (c)  study  of  the  flow  conditions  to  determine  the 
operating  characteristics  of  the  spillway  gates  and  the  clearance  at  the 
gate  counterweights;  (d)  study  of  the  flow  emitting  from  the  spillway  to 
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determine  the  type,  shape,  and  size  of  end  sill;  (e)  measurements  of 
water-surface  elevations  to  determine  the  relations  of  the  reservoir 
pool  elevation  and  the  water-surface  elevations  at  the  automatic  control 
and  recorder  well  intakes,  and  (f)  measurements  of  the  scour  patterns 
downstream  of  the  spillway  to  determine  the  shape  of  the  downstream  wing 
walls,  the  depth  of  cutoff  wall,  and  the  extent  of  rock  protection  re- 
quired downstream  of  the  end  sill  and  along  the  toe  of  the  levees.  The 
model  was  operated  as  the  prototype  would  be  in  case  of  a spillway  de- 
sign flood.  Operation  was  based  on  a hydrograph.  Flow  patterns  thro\igh 
the  reservoir  during  the  start  of  the  hydrograph  are  shown  in  Photo  23- 
The  maximum  reservoir  water-surface  elevation  for  the  spillway  design 
flood  wo\ild  be  23^.0.  The  corresponding  maximum  outflow  would  be 
i|0,000  cfs  in  the  Rio  Hondo  channel  and  250,000  cfs  into  San  Gabriel 
River,  a total  discharge  of  290,000  cfs. 

1+5-  Description  of  tests.  Tests  on  the  operation  of  the  spillway 
were  made  on  the  general  model  with  a discharge  of  252,000  cfs  to  deter- 
mine depths  and  velocities  in  the  approach  to  the  spillway,  in  the  gate 
bays,  and  in  the  channel  downstream  from  the  gates.  The  maximum  veloc- 
ity in  the  approach  to  the  spillway  was  26  fps  in  the  drawdown  near  the 
right  wing  wal_.  The  magnitude  and  direction  of  approach  currents  are 
given  in  Plate  27-  Observations  made  during  preliminary  tests  for  a 
discharge  of  252,000  cfs  (spillway  design  discharge  is  25^,000  cfs)  in- 
dicated that  the  water  surface  shoxild  be  lower  in  the  vicinity  of  the 
gate  counterweights.  It  was  found  that  by  offsetting  the  walls  of  the 
spillway  channel  immediately  downstream  from  the  gates  by  U ft  (equiva- 
lent to  half  a pier  width)  greater  clearance  between  the  water  surface 
and  the  counterweights  could  be  obtained.  The  wider  downstream  cheinnel 
was  necessary  to  eliminate  the  standing  wave  which  would  impinge  against 
the  gate  counterweights  at  the  right  and  left  walls.  Photographs  of  the 
model  with  gates  discharging  into  a 530-ft-wide  channel  are  shown  in 
Photo  2k.  The  upper  right  photograph  shows  the  standing  wave  at  the 
left  wall  where  the  gate  counterweight  would  be;  increasing  the  width  to 
538  ft  eliminated  this  wave. 

h6.  Tests  were  made  of  the  35-ft  radius  wing  walls,  used  in  the 
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contract  plans,  and  60. 5-f‘t-radius  wing  walls.  Photo  2^+  shows  the  models 
in  operation.  Profiles  of  the  water  surface  for  a discharge  of 
250,000  cfs  for  both  wing  walls  are  shown  in  Plate  28.  The  maximum 
drawdown  for  the  35-ft  radius  wing  wall  was  20.it  ft  and  for  the  60.5-ft- 
radius  wing  wall  was  17  ft.  The  reduction  in  drawdown  that  would  result 
from  the  use  of  a 60. 5-ft-radius  wing  wall  was  not  considered  sufficient 
to  warrant  redesign  of  the  wing-wall  structure.  Water-surface  elevations 
(cross  sections)  are  given  in  Tables  5>  6,  and  7-  The  concrete  apron 
as  shown  in  Plate  4 would  extend  25  ft  from  the  ends  of  the  wing  walls 
to  resist  the  scoiiring  effects  created  by  the  drawdown  around  the  ends 
of  the  wing  walls. 

hj.  Spillway  design  1 - basic  design.  In  the  original  design, 
the  spillway  had  a constant  width  of  530  ft.  Above  and  below  the  gates, 
the  walls  were  straight  and  parallel.  The  radii  of  the  quadraint  wing 
walls  at  the  upstream  and  downstream  ends  of  the  spillway  structure  were 
35  ft  and  75  ft,  respectively.  The  dentates  with  sloping  upstream  faces, 
8 ft  high,  5 ft  wide,  and  spaced  5 ft  apart,  were  placed  at  the  end  sill. 
For  the  test,  various  inflows  indicated  by  the  spillway  design- flood 
hydrograph  were  introduced  from  the  Rio  Hondo  through  the  flood-flow 
channel  and  from  the  San  Gabriel  River.  Table  8 gives  ranges  of  dis- 
charges, corresponding  pool  elevations,  and  gate  openings.  The  total 
time  of  the  hydrograph  run  was  42  hr  (prototype).  The  spillway  model  is 
shown  in  Photo  25;  the  hydrograph  run  is  shown  in  Photo  26.  Two  scour 
holes  formed  off  the  end  of  the  structure,  one  at  each  side  of  the 
channel.  The  abrupt  change  in  cross-sectional  area  of  flow  passing  from 
the  spillway  channel  to  the  downstream  leveed  channel  contributed  much 
toward  the  creation  of  large  eddies  over  the  area  where  the  scour  holes 
formed.  Scour  photographs  are  shown  in  Photo  27;  the  scour  pattern  is 
shown  in  Plate  29. 

48.  Revision  of  basic  design.  The  first  revision  of  the  spillway 
structure  to  reduce  the  depth  of  flow  immediately  downstream  of  the 
gates  consisted  of  widening  the  spillway  channel  downstream  of  the  gate 
piers  from  a width  of  530  ft  to  538  ft.  In  addition  to  the  rock  protec- 
tion below  the  end  sill,  rock  protection  was  added  along  the  toe  of  both 
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levees  (see  paragraph  for  description  of  the  rock);  this  change  is 
designated  spillway  design  2.  Photo  28  shows  the  rising  stage  of  the 
hydrograph  run.  Observations  of  flow  through  the  spillway  structure 
over  the  f\ill  range  of  discharges  showed  that  the  performance  of  this 
spillway  design  was  satisfactory.  No  disturbance  in  flow  was  noted. 

For  flows  up  to  25^,000  cfs  (spillway  design  discharge),  the  gate 
counterweights  were  clear  of  flow.  Photo  29  shows  results  of  scour; 
the  scoiu"  pattern  is  shown  in  Plate  30.  Comparison  of  the  res\ilts  of 
this  design  with  those  of  spillway  design  1 showed  that  less  scour 
occurred  in  the  center  of  the  channel  below  the  end  sill,  but  the  scour 
holes  at  the  sides  of  the  channel  near  the  quadrant  walls  were  about  the 
same  as  those  in  the  previous  test.  Consequently,  all  efforts  were  di- 
rected toward  developing  a suitable  type  of  dentate  that  would  diffuse 
the  flow  at  the  end  sill  near  the  quadrant  walls  and  prevent  excessive 
scoiir  at  the  sides  of  the  channel.  Changes  were  limited  to  the  dentates 
near  the  quadrant  walls.  The  following  types  were  tested  in  deriving 
a satisfactory  end  sill. 

U9.  Test  with  larger  dentates.  Four  large  dentates  having  a uni- 
form width  of  5 ft  were  substituted  for  six  original  dentates  (5  ft  by 

8 ft).  Two  were  10  ft  high  and  the  other  two,  12  ft  high  (Photo  30, 
top).  Tests  showed  that  very  little  improvement  resulted  with  use  of 
the  larger  dentates.  Evident  in  the  discharge  photograph  is  the  eddy 
over  the  area  where  the  scour  hole  formed.  No  attempt  was  made  to 
obtain  scour  data  after  the  test  run. 

50.  Test  with  30-  and  36-ft  blocks.  The  four  large  dentates  used 

in  the  previous  test  were  replaced  with  two  8-ft  vertical  blocks,  30  and 

36  ft  long  (for  details  see  Plate  3l).  The  blocks  were  13  ft  apart  and 

in  staggered  alignment  with  the  row  of  dentates.  The  longitudinal  center 
line  of  each  block  was  skewed  to  the  left  12.?  deg  with  the  longitudinal 
center  line  of  the  spillway  channel,  as  shown  in  Photo  30.  However,  no 
beneficial  effect  was  indicated  with  this  plan.  The  general  flow  pat- 
tern was  about  the  same  as  in  previous  tests.  Eddies  still  persisted  at 
the  side  of  the  channel.  No  scour  measurements  were  taken. 

51.  Test  with  curved  guide  vanes  (design  l).  Dentates  1,  3,  and 
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5 adjacent  to  the  quadrant  walls  were  skewed  and  each  provided  with  a 
5-ft-high  hy  2.5-ft-wide  curved  guide  vane.  The  only  variation  in 
design  involved  the  radius  and  length  of  the  vane.  Radii  were  90,  100, 
and  150  ft  with  corresponding  lengths  of  60,  5*+,  and.  1*8  ft  (for  vane 
details  see  Plate  32).  The  guide  vane  nearest  the  quadrant  wall  had  a 
radius  of  90  ft  and  the  vane  farthest  away  had  radius  of  15O  ft.  The 
added  vanes  showed  a definite  improvement  in  the  distribution  of  flow  at 
the  sides  of  the  end  sill  (Photo  31)-  The  cvirved  vanes  directed  the 
flow  outward,  reducing  the  eddies  and  consequently  minimizing  the  scour 
at  each  side  and  off  the  end  of  the  spillway  structiire.  Testing  was 
accomplished  by  visual  observation  and  results  were  recorded  by  photo- 
graphs. Scour  after  a 30-min  run  is  shown  in  Photo  32. 

52.  Test  with  curved  guide  vanes  (design  2).  In  obtaining  a 
greater  degree  of  diffusing  the  flow,  a modified  curved  guide  vane  was 
prepared,  as  shown  in  Plate  33.  Such  modification  produced  further 
spreading  of  the  flow.  This  vane  design  was  found  to  produce  a more 
favorable  hydraulic  action  and  less  scour  than  design  1.  No  scour  mea- 
surements were  made  on  this  test.  Scour  after  a 30-min  run  is  shown  in 
Photo  32. 

53.  Tests  with  curved  guide  vanes  (final  design).  Althoiigh  eddy 
action  was  decreased  and  flow  distribution  was  improved,  it  appeared 
that  a change  in  design  for  the  guide  vanes  would  be  necessary  to  elim- 
inate the  eddy  action  that  existed  in  the  previous  tests.  In  this  test 
the  number  of  vanes  at  each  side  of  the  spillway  channel  was  increased 
from  three  to  four  and  the  width  of  vane  was  reduced  to  2 ft.  The  width 
of  the  dentates  attached  to  the  vanes  was  U ft.  The  dentates  and  vanes 
conformed  to  the  design  and  layout  shown  in  Plate  3^.  The  development 
of  the  dentated  sill  with  the  four  curved  guide  vanes  and  the  derrick 
stone  protection  at  the  downstream  edge  of  the  dentated  sill  and  along 
the  toe  of  levees  was  based  on  analysis  of  flow  pattern  and  depth  of 
scour  resTilting  from  a 30-min  rion  of  the  peak  outflow  of  250,000  cfs. 
This  was  accomplished  by  simulating  a maximum  discharge  of  83,300-cfs 
inflow  from  the  Rio  Hondo  and  l66,T00-cfs  inflow  from  the  San  Gabriel 
River.  Desirable  flow  conditions  were  obtained  by  using  the  slender 


guide  vsines  with  the  narrower  dentates.  These  guide  vanes  appeared  to 
improve  the  distribution  of  flow  over  the  end  sill  and  eliminate  the 
eddy  action  that  formed  along  the  levees  downstream  from  the  quadrant 
walls.  A test  was  made  to  determine  the  effect  on  scouring  action  in 
the  channel  below  the  end  sill  and  the  stability  of  the  derrick  stone 
protection  downstream  from  the  end  sill  under  low  tailwater.  In  view 
of  this,  a tailwater  elevation  10  ft  below  the  computed  normal  value  was 
used  in  the  test.  With  this  tailwater  condition,  there  was  considerable 
movement  of  derrick  stone  away  from  the  spillway  cutoff  waJ.1  and  an  in- 
crease of  12  ft  in  the  maximum  depth  of  scour  compared  with  normal 
tailwater  conditions. 

5^-  Rock  protection  tests  (types  1 and  2).  Tests  were  conducted 
upon  two  types  of  rock  protection.  In  the  type  1 rock  protection  a 
10-ft-thick  layer  of  rock  was  placed  on  a lV-on-2H  slope  for  a distance 
of  60  ft  at  the  middle  section  and  lV-on-3H  slope  for  a distance  of  90  ft 
at  each  end  of  the  spillway  with  transition  zones  to  the  rock-protected 
toes  of  the  downstream  levees.  In  the  type  2 rock  protection,  the  IV- 
on-2H  slope  was  placed  along  the  entire  width  of  spillway  and  lV-on-2.2H 
slope  extending  downstream  along  the  side  of  the  levees.  The  toe  of 
both  levees  had  derrick  stone  protection  to  a depth  of  12  ft.  The  rock 
protection  tests  were  conducted  at  a discharge  of  250,000  cfs,  and  a 
check  on  the  adequacy  of  the  rock  designs  was  made  by  simulating  the 
spillway  design-flood  hydrograph  (Table  8).  Photographs  of  the  rising 
stage  of  the  hydrograph  run  are  shown  in  Photo  33.  The  falling  stage  of 
the  hydrograph  run  is  not  shown  but  was  executed  in  the  reverse  order  of 
that  shown  for  the  rising  stage.  Photo  3^  shows  scoiir  photographs  for 
the  type  1 rock  protection  and  Plate  35  gives  the  scour  pattern.  In 
tests  on  the  type  2 rock  protection,  the  operation  of  the  model  was 
stopped  on  the  receding  side  of  the  hydrograph  run  (2^^0,000  cfs)  and 
scour  measurements  were  taken.  The  scour  pattern  for  the  partial  hydro- 
graph run  is  shown  in  Plate  36  and  Photo  35.  The  scour  pattern  after 
the  completed  hydrograph  run  is  shown  in  Plate  37  and  photographs  of  the 
scour  are  shown  in  Photo  36.  Results  of  the  tests  indicated  that  both 
types  of  rock  protection  provided  adequate  protection  to  the  spillway 


structure  and  to  the  toe  of  the  levees.  No  change  was  apparent  in  the 
resulting  scour  patterns.  The  scour  patterns  in  the  general  model 
verified  those  obtained  in  the  l:U2-scale  model.  It  was  recommended 
that  type  1 rock  protection  be  used  in  the  prototype.  Measurements  of 
water-surface  elevations  were  made  to  determine  the  relation  between 
reservoir  pool  elevation  and  water-surface  elevations  at  right  and  left 
automatic  control  intakes  and  recorder  well  intakes  for  both  free  flow 
and  controlled  flow.  Tables  9 and  10  show  water-surface  elevations  and 
gate  operating  characteristics,  respectively.  The  spillway  discharge 
curves  for  controlled  discharges  through  the  gates  with  partial  gate 
openings  are  shown  in  Plate  38.  The  average  coefficient  of  discharge 
computed  for  free  flow  was  2.81.  Several  discharge  measurements  were 
made  in  the  1: 42-scale  model  (Table  11)  and  the  average  coefficient  of 
discharge  computed  from  these  measurements  was  2.80. 

55*  Single  bay  model.  Having  developed  a satisfactory  spillway 
with  its  rock  protection  downstream,  the  next  problem  was  to  evolve  a 
suitable  upstream  approach.  A qualitative  determination  of  scour  depth 
upstream  of  the  concrete  apron  was  made  by  a 1; 24-scale  model  of  a 
section  of  the  approach  to  a single  gate  bay.  A test  was  first  con- 
ducted without  a rock  apron  upstream  of  the  concrete  slab.  A prototype 
discharge  of  29,000  cfs  was  simulated  in  the  model  (Photo  37).  Scour 
profiles  for  various  time  diirations  are  shown  in  Plate  39*  See  Photo  38 
for  scour  photographs.  Two  rock  apron  plans  were  tested  in  the  model. 

In  both  plans,  the  apron  was  25  ft  wide  and  3 ft  thick.  One  plan  was 
normal  to  the  flow  line  and  the  other  was  skewed  ( Photo  39 ) • Photo- 
graphs of  the  sco;ir  for  the  rock  apron  plans  are  shown  in  Photo  40.  The 
steel  sheet  pile  cutoff  and  the  rock  apron  provided  shoiild  preclude 
xjndercutting  of  the  concrete  slab. 

Outlet  structure 

56.  Verification  of  performance  and  tests  of  the  outlet  structure 
tested  in  the  1: 24-scale  model  were  made  in  the  general  model.  The 
model  design  simulated  the  final  design  of  the  outlet  works.  Tests  were 
made  to  determine  the  water  depth  differential  along  the  quadrant  walls 
of  the  outlet  works  with  uncontrolled  discharges  of  40,000  and 


50,000  cfs.  The  maximum  differential  in  water  depth  of  6 ft  was 
observed  at  the  downstream  end  of  the  quadrant  walls  with  a discharge 
of  UOjOOO  cfs.  For  the  50,000-cfs  discharge,  the  differential  depth  was 
slightly  larger.  Results  of  the  tests  were  similar  to  those  obtained  in 
the  l:2U-scale  model  and  indicated  that  the  design  was  satisfactory. 

The  flow  characteristics  for  the  two  discharges  are  shown  in  Photos  Ul 
and  U2. 
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Table  5 

Water-Surface  Elevations 


Cross  Section  at  Sta  9+53i  35-rt-Radius  Wing  Walls 


Discharge  252.000  cfs 


Distance,  ft* 


Water-Surface 

Elevation 


0 

224.30 

6 

225.50 

18 

223.40 

33 

226.64 

*kpier 

1 

234.14 

78 

229.52 

98 

230.06 

^ pier 

2 

234.32 

136 

230.78 

156 

230.60 

piers  3 

& 4 

234.86 

Distance,  ft* 


260 

280 

tpier  6 

318 

33I+ 

t.  piers  7 & 8 

389 

lt06 

pier  9 
U41i 
426 

pier  10 

500 

520 

530 


Water-Surface 

Elevation 


230.54 

230.12 

234.80 

230.60 

230.00 

234.80 
230.48 

229.94 

234.56 

229.18 

229.16 

234.32 

225.32 

219.80 
219.20 


: Reservoir  gages:  right  = 234.54,  left  = 234.40;  intake  wells 
right  = 233. TO,  left  = 234.08 
* Distances  measured  from  left  wall,  in  feet. 


Table  6 

Water-Surface  Elevations 
35-ft-Radius  Wing  Walls;  Discharge  252,000  cfs 


Distance,  ft* 


Water-Surface 

Elevation 


Cross  Section  at  Sta  8+92.5** 


Center  line 

231.38 

100  R 

231.02 

200  R 

228.79 

231  R 

225.74 

260  R 

219.56 

294  R 

215.36 

300  R 

232.04 

350  R 

233.00 

400  R 

233.24 

500  R 

233.26 

100  L 

231.56 

200  L 

230.42 

247  L 

228.14 

268  L 

225.50 

285  L 

221.54 

300  L 

233.24 

350  L 

233.78 

Cross  Section  at 

Sta  8+6ot 

Center  line 

231.68 

100  R 

231.32 

200  R 

229.58 

267  R 

228.56 

300  R 

231.38 

350  R 

233.00 

500  R 

233.00 

100  L 

231.68 

200  L 

231.32 

350  L 

233.60 

Distance,  ft* 


Water-Surface 

Elevation 


Cross  Section  at  Sta  T+50tt 


Center  line 
50  R 
200  R 
350  R 

500  R 
50  L 
200  L 
350  L 


232.88 
232.82 
232. TO 
233.1+2 

233.1+8 
233. 9I+ 
233.1+2 
233.72 


Cross  Section  at  Sta  6+50* 


Center  iine 
50  R 
200  R 
350  R 

500  R 
50  L 
200  L 
350  L 


233.60 

233.1+1+ 

233.1+8 

233.66 

233.66 

233.60 

233.81+ 

233.66 


Distance  left  and  right  from  center  line  of  spillway. 

Reservoir  gages:  right  = 231+.30,  left  = 23I+.I6;  intake  wells: 
right  = 233.52,  left  = 233.90. 

Reservoir  gages:  right  = 23I+.0I+,  left  = 23I+.I6;  intake  wells: 
right  = 233.70,  left  = 23I+.O2. 

Reservoir  gages:  right  = 23h.23,  left  = 23^.22;  intake  wells 
right  ^ 233.58,  left  = 23I+.02. 

Reservoir  gages:  right  = 234.21+ , left  = 234.16;  intake  wells 
readings . 


Table  T 

Water-Surface  Elevations 


-ft -Radius  Wing  Walls:  Discharge  252,000  cfs 


Distance,  ft* ** 


Water-Surface 

Elevation 


Cross  Section  at  Sta  9+33** 


Center  line 

230.71 

27  R 

231.07 

60  R 

230.89 

91  R 

231.35 

124  R 

230.35 

153  R 

230.35 

182  R 

228.67 

207  R 

228.37 

236  R 

222.85 

265  R 

217.33 

300  R 

233.17 

400  L 

233.35 

500  R 

233.05 

28  L 

230.95 

58  L 

230.95 

91  L 

231.67 

125  L 

230.89 

155  L 

230.77 

185  L 

229.99 

210  L 

229.21 

245  L 

223.99 

265  L 

221.45 

230  L 

233.65 

Cross  Section  at 

Sta  8+92. 5t 

Distance,  ft* 


400  R 
100  L 
275  L 
300  L 
371  L 


Water-Surface 

Elevation 


233.23 

231.67 

229.63 

222.99 

233.51 


Cross  Section  at  Sta  8+60rt 


Center  line 

231.55 

100  R 

231.07 

150  R 

230.59 

235  R 

228.73 

275  R 

227.11 

340  R 

232.99 

* Distance  left  and  right  from  center  line  of  spillway. 

**  Reservoir  gages:  right  = 233. 95 » left  = 234.04;  intake  well: 
right  = 233.04,  left  = 233.90. 

t Reservoir  gages:  right  = 234.12,  left  = 234.28;  intake  wells 
right  = 233.10,  left  = 233.96. 

t-t  Reservoir  gages:  right  = 234.06,  left  = 234.22;  intake  wells 
right  = 233.46,  left  = 233.90 

+ Reservoir  gages:  R = 234.00,  left  = 234.22;  intake  well,  no 
readings . 


Table  8 

Spillway  DesiRn-Flood  Hydrograph.  General  Model 


Spillway 

Discharge 

cfs 

San  Gabriel 
Inflow 
cfs 

Rio  Hondo 
Inflow 
cfs 

Reservoir 

Pool 

Elevation 

Gate 

Opening 

ft 

Prototype 

Time 

hr  min 

1+0,000 

1+0,000 

0 

230.0 

2.85 

0 

30 

70,000 

70,000 

0 

230.6 

5.20 

0 

30 

90,000 

90,000 

0 

230.9 

6.95 

0 

30 

110,000 

100,000 

10,000 

231.2 

8.80 

5 

15 

130,000 

100,000 

30,000 

231.5 

10.85 

8 

30 

150,000 

100,000 

50,000 

231.8 

13.05 

2 

30 

170,000 

113,600 

56,600 

232.2 

15.70 

3 

15 

200,000 

133,000 

66,700 

232.7 

19.70 

0 

45 

220,000 

11+6,700 

73,300 

233.0 

21.70 

0 

30 

21+0,000 

160,000 

80,000 

233.3 

23.30 

1 

0 

250,000 

166,700 

83,300 

233.9 

25.00 

2 

45 

21+0,000 

160,000 

80,000 

233.3 

23.30 

0 

45 

220,000 

11+6,700 

73,300 

233.0 

21.70 

0 

45 

200,000 

133,300 

66,700 

232.7 

19.70 

1 

0 

170,000 

113,400 

56,600 

232.2 

15.70 

0 

45 

150,000 

100,000 

50,000 

231.8 

13.05 

0 

45 

130,000 

100,000 

30,000 

231.5 

10.85 

0 

45 

110,000 

100,000 

10,000 

231.2 

8.80 

0 

45 

90,000 

90,000 

0 

230.9 

6.95 

1 

30 

70,000 

70,000 

0 

230.6 

5.20 

1+ 

0 

1+0,000 

1+0,000 

0 

230.0 

2.85 

5 

0 

Total  = 1+2  hr 


Water-Siirface  Elevations 
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Table  10 

Gate  Operating  Characteristics 


Prototype 

Discharge 

cfs 

Initial 

Pool 

Elevation* 

Gate 

Opening 

ft** 

Pool  Elevationst 
Right  Left 

Gate 

Opening 

fttt 

Pool  Elevations^ 
Right  Left 

300,000 

238.3 

23.2 

238.34 

238.48 

26.2 

238.28 

238.60 

250,000 

233.9 

20.5 

233.84 

233.86 

24.3 

234.32 

234.22 

200,000 

229.2 

17.3 

229.40 

229.36 

21.7 

229.52 

229.72 

150,000 

224. 1 

i4.3 

224.42 

224.38 

18.1 

224.84 

224.80 

100,000 

218.4 

10.8 

218.24 

— 

13.2 

218.66 

— 

50,000 

210.6 

6.5 

— 

— 

8.7 

I 


* Established  initial  pool  elevation.  Raised  gates  clear  of  water  sur- 
face. Allowed  flow  to  stabilize. 

**  Lowered  gates  slowly.  Gate  opening  at  which  contact  was  made  with 
water  surface. 

t Reservoir  pool  elevations  when  gates  made  contact  with  water  surface, 
tt  Raised  gates  by  small  increments.  Gate  opening  at  which  gates  break 
free  of  water  surface. 

+ Reservoir  pool  elevations  when  gate  contact  was  broken. 
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Table  11 

Discharge  Coefficient  from  Model  Study 
Gates  Fully  Opened 


Discharge 

cfs 

Reservoir 

Pool 

Elevation 

Head 

ft 

„3/2 

Coefficient 

of 

Discharge 

C 

23lt,000 

232.8 

32.8 

187.8 

2.769 

21+1+,  000 

233.5 

33.5 

193.9 

2.796 

252,000 

23I+.O 

3I+.O 

198.2 

2.825 

Average  C = 2.80 


-3/2 

Note:  Coefficient  of  discharge  determined  from  formula  Q = CLH 
Q = Measured  discharge,  cfs 

C = Computed  coefficient  of  discharge  from  model  data 
L = Effective  length,  nine  50-ft  gates  = 1+50  ft 
H = Head,  ft.  Gate  sill  elevation  at  200.0. 


Model  conf igiiration  of  the  leservoir 
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Radius  of  wing  wall  35-0  ft  Radius  of  wing  wall  60.5  ft 

Photo  2h.  General  spillway  model,  discharge  250,000  cfs.  (Note  drawdown  along  right  quadrant  wing 

wall  of  approach  channel) 


203,000  cfs  (rising)  23^,000  cfs  (rising) 
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Photo  28  ( sheet  2 of  3) 


Photo  28  (sheet  3 of  3) 


Replacement  of  six  original  5-  t>y  8-ft-high  dentates.  Left  photos,  gates  closed; 
right  photos,  discharge  250,000  cfs.  Note  counterclockwise  eddy 


Design  2 

Photo  32.  Curved  guide  vanes,  designs  1 and  2.  Scoxir  after  30-min  run,  discharge  250,000  cfs 
left  photos,  looking  upstream  from  right  side;  right  photos,  looking  upstream  from  left  side 
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Final  spillway  design,  design-flood  hydrograph 
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Photo  33  (sheet  2 of  3) 


Looking  upstream  from  left  side 

Photo  36.  Curved  guide  vanes  (final  design).  Type  2 rock  protection 
scour  after  completed  hydrograph  run 


Single  liay  model,  25-ft-wide  by  3-ft-thick  rock  apron,  looking  downstream 


1 

If  1 

■ .V  4 'fc.,  1 1 

w-i  • 1 

W '"''^"'£7  1 

§ / J - -^/V^  ■ 1 

^ ■ # 1 

*B»I«^  / 1 

’’•  1 

^ 1 

%A--.  1 

^ 1?  ' 

1 

— tl 

Hk) 

to 

v*'V::. 

■ ,» ■ .j  . ' 1 

END  OF  WINO  WALL 
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SCOUR  PATTERN 

SCOUR  IN  DOWNSTREAM  CHANNEL  FROM 
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WHITTIER  NARROWS- SAN  GABRIEL  SPILLWAY 
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DENTATE  DETAILS 
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PLATE  36 
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WHITTIER  NARROWS -SAN  GABRIEL  SPILLWAY 

SCOUR  PATTERN 


SCOUR  IN  DOWNSTREAM  CHANNEL  FROM 
COMPLETED  HYDROGRAPH 
PEAK  DISCHARGE  OF  252.000  CFS 
NAL  SPILLWAY  DESIGN  WITH  ROCK  PROTECTION  TYPE  2 


(SINGLE  BAY) 

SCOUR  UPSTREAM  OF  CONCRETE  APRON 
WITHOUT  ROCK  APRON 


PART  V:  ROSEMEAD  BLVD.  DROP  STRUCTURE 


Original  Design 

57.  The  Rosemead  Blvd.  drop  structure,  built  in  the  general  model, 
was  originally  constructed  as  shown  in  Plate  1+0  and  Photo  1+3.  The  con- 
crete sloping  headwall  which  had  a drop  height  of  9 ft  was  located  at 
the  center  line  of  Rosemead  Blvd.  Bridge.  To  minimize  the  velocity  of 
flow,  a 1+O-ft-long  stilling  basin  with  a 3-ft-high  end  sill  was  con- 
structed. The  design  called  for  two  rows  of  2-ft-high  baffle  blocks 
located  13  and  23  ft  downstream  from  the  sloping  headwall.  A derrick 
stone  apron  extended  90  ft  downstream  from  the  end  sill.  Four  bridge 
piers  were  aligned  parallel  to  the  basin  center  line.  The  paved  invert 
upstream  of  the  headwall  under  the  bridge  was  placed  at  el  I98.O.  Hy- 
draulically, this  design  was  satisfactory  but  resulting  structural  and 
economical  analysis  proved  unfavorable.  Therefore  it  was  desirable  to 
pursue  the  design  from  an  economical  standpoint.  Savings  could  possibly 
be  realized  by  eliminating  the  stilling  basin  altogether. 

Alternative  Plans 


58.  Expedient  sJ-teration  and  easier  construction  resulted  in  the 
adoption  of  a l:2l+-scale  model  in  which  experimentation  was  carried  on 
to  verify  and  approve  theoretical  data.  Due  to  the  symmetry  of  the 
Rosemead  Blvd.  Bridge  about  its  center  line,  it  was  concluded  that  one 
half  of  the  structure  would  be  a suitable  model  to  ascertain  conclusive 
results.  The  transformation  of  the  Rosemead  drop  structure  resulted  in 
the  complete  elimination  of  the  stilling  basin  and  replacement  of  it 
with  a grouted  cobblestone  apron.  The  apron,  beginning  at  the  down- 
stream edge  of  the  bridge  invert,  has  a slope  of  IV  on  2.5H.  Plate  kO 
shows  plan  and  profile  of  the  alternative  plans  and  rock  protection. 
Model  construction 

59.  Bridge  piers  £ind  abutment  were  constructed  of  plywood. 
Roughened  concrete  was  used  to  simulate  the  grouted  cobblestone  invert 


under  the  bridge  and  apron  chute.  The  area  upstream  of  the  bridge  was 
molded  in  sand.  Rock  in  the  stabilizing  section  downstreajj  of  the  drop 
below  the  bridge  was  represented  by  3/^-in.  gravel.  Sand  was  used  to 
model  the  i+50-ft  channel  downstream  of  the  bridge.  General  views  of  the 
half-plan  model  are  shown  in  Photo 
Sequence  of  tests 

60.  Table  12  lists  all  tests  in  order  of  the  testing  procedure 
with  identifying  description  and  illustrative  references. 

General  procedure 

61.  The  prototype  discharges  simulated  during  the  tests  were 
40,000,  30,000,  20,000,  and  10,000  cfs.  Tests  were  concerned  with  over- 
all flow  conditions,  energy  dissipation  characteristics,  and  depth  and 
sco\ir  patterns  in  the  channel  immediately  downstream  from  the  drop 
structure.  To  obtain  comparable  scour  of  the  sand  bed  for  each  test, 
all  runs  were  of  1-hr  duration.  Data  from  all  of  the  tests  were  supple- 
mented by  photographic  records  of  the  hydrailLic  action  and  sco\xr 
patterns . 

Tests  1-8  (rock  plan  l) 

62.  The  model  was  tested  first  with  the  bridge  invert  at  el  I98.O. 
Flow  conditions  were  studied  for  discharges  of  U0,000,  30,000,  20,000, 
and  10,000  cfs  with  normal  tailwater  conditions.  To  substantiate  visual 
observation,  water-surface  measurements  were  taken  through  the  bridge 
and  scoxir  data  were  taken  downstream  from  the  drop  structure  for  each 
specified  discharge.  The  bridge  invert  was  raised  to  el  199-0  and  all 
above  tests  were  repeated.  The  rock  protection  designated  rock  plan  1 

in  Plate  Uo  was  used  in  the  testing.  Photographs  of  these  tests  are 
shown  in  Photos  1*5-52.  Depth  contours  of  the  water  surface  through  the 
bridge  are  shown  in  Plates  4l-Ul*.  The  scour  patterns  are  shown  in 
Plates  1*5-52.  The  l*0,000-cfs  discharge  was  the  most  erosive;  however, 
the  deepest  part  of  the  scour  hole  was  110  ft  downstream  of  the  bridge. 
The  30,000-cfs  discharge  caused  more  of  the  rock  protection  to  be  moved 
off  the  grouted-stone  slope  section  of  the  drop  structure.  Scour  pro- 
files for  all  discharges  with  bridge  inverts  at  el  I98.O  and  199-0  are 
shown  in  Plate  53;  velocity  measurements  for  test  5 are  shown  in  Plate  5^- 


Tests  9 and  10  (rock  plan  l) 

63.  These  two  tests  were  made  to  determine  the  adequacy  of  the 
design  under  high  tailwater  conditions.  Test  9 was  a run  of  1*0,000  cfs 
and  a tailwater  elevation  at  211.5.  Water  surface  was  relatively  smooth 
with  the  depth  of  scoiir  much  shallower  than  that  in  test  5.  The  scour 
pattern  is  shown  in  Plate  55.  Photographs  for  test  9 are  shown  in 
Photo  53.  In  test  10  the  discharge  was  30,000  cfs  with  a tailwater 
elevation  set  at  211.0.  The  general  results  were  similar  to  those  in 
test  9.  The  flow  was  stable  and  well  distributed,  resulting  in  smoother 
water  surface  aind  shallower  depth  of  scoiir  than  that  in  test  6.  Scour 
pattern  is  shown  in  Plate  56  and  photographs  in  Photo  5I+. 

Test  11  (rock  plan  l) 

Gh.  For  a tailwater  elevation  of  208.0  and  a discharge  of 
30,000  cfs,  more  waves  were  transmitted  downstream  from  the  drop  struc- 
t\ire.  The  undulating  flow  conditions  and  the  ensuing  scour  are  shown  in 
Photo  55;  see  Plate  57  for  scour  pattern. 

Test  12  (rock  plan  2) 

65.  This  test  was  the  same  as  test  11  except  that  rock  protection 
plan  2 (Plate  ItO)  was  used  in  the  testing.  The  rock  protection  forms  a 
UO-ft  stilling  basin  with  a 5.5-ft-high  sloping  end  sill.  The  rock 
apron  (basin)  is  11  ft  below  the  bridge  invert.  Photo  56  shows  the  rock 
stilling  basin  before  the  run.  Photographs  of  the  hydraulic  action  were 
not  taken.  Scour  photographs  are  shown  in  Photo  57.  Scour  pattern  for 
this  test  is  shown  in  Plate  58.  The  rock  apron  provided  adequate  pro- 
tection downstream  from  the  drop  structure. 

Tests  13  and  li*  (rock  plan  2) 

66.  Tests  13  and  l4  are  the  same  as  tests  5 and  6,  respectively, 
except  for  the  rock  protection.  Runs  of  40,000  and  30,000  cfs  were  made 
with  normal  tailwater  conditions.  These  tests  produced  a favorable  hy- 
draulic action.  Test  13  developed  a series  of  rollers  and  waves  down- 
stream. In  test  l4,  the  jump  was  good  and  the  water  surface  was  smooth 
in  the  downstream  channel.  Photos  58  and  59  show  the  hydraulic  perfor- 
mance and  scour.  Scour  patterns  for  rims  of  40,000  and  30,000  cfs  are 
shown  in  Plates  59  and  60,  respectively.  Results  were  generally  similar 


to  those  obtained  in  tests  5 and  6;  however,  in  tests  13  and  lit  the 
deepest  parts  of  the  scour  holes  were  much  farther  downstream  because  of 
rock  plan  2.  As  expected,  the  run  of  1+0,000  cfs  produced  the  maximum 
water-siurface  elevation  of  210.0  at  the  upstream  end  of  the  bridge. 

The  average  water-stirface  elevation  through  the  bridge  was  209.0.  The 
elevation  of  low  steel  was  210.1,  1+  ft  upstream  from  the  center  line  of 
the  bridge  and  210.7  downstream  from  the  center  line  of  the  bridge. 

Tops  of  piers  are  at  el  210.0. 

67.  In  all  tests,  the  rock  protection  never  scoured  below  the 
simulated  grouted-stone  slope  section  of  the  drop.  Local  displacement 
of  the  rock  protection  occurred  but  the  amount  of  rock  transported  down- 
stream was  very  small. 

Application  of  Final  Design  of  Drop 
Structure  to  General  Model 


68.  Following  the  half-scale  model  test,  the  final  design  of  the 
drop  structure  was  tested  in  the  general  l;60-scale  model.  Scoiir  down- 
stream from  the  grouted-stone  drop  structure  was  observed  for  combina- 
tion discharges  varying  between  10,000  and  30,000  cfs  from  the  San 
Gabriel  River  and  between  0 and  10,000  cfs  from  the  Rio  Hondo.  To 
obtain  comparable  scours  of  the  sand  bed  between  the  general  model  and 
the  half-scale  model,  all  runs  were  of  38-min  (model  time)  duration 
which  is  equivalent  to  the  1-hr  duration  used  in  the  l:2i+-scale  model. 

69.  The  combination  of  30,000  cfs  from  the  San  Gabriel  River  and 
no  flow  in  the  Rio  Hondo  produced  the  greatest  scour  because  of  the  low 
tailwater  condition  on  the  downstream  side  of  the  drop  structure.  The 
lowest  point  of  scovir  was  el  I76.5.  Scour  photographs  are  shown  in 
Photo  60.  With  a combination  of  30,000  cfs  from  the  San  Gabriel  River 
and  10,000  cfs  flowing  in  Rio  Hondo  emd  tailwater  elevation  set  at 

el  208.0,  the  scour  downstream  of  the  drop  structi+re  was  not  excessive 
(Photo  61).  Photo  62  shows  the  restilts  of  scour  with  the  same  combina- 
tion, but  with  normal  tailwater  conditions  (el  203.5).  The  lowest  point 
of  scour  was  el  I85.O. 


Sequence  of  Tests  on  Rosemead  Blvd.  Drop  Struc ture 
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Photo  Alternative  design  l:2h  half-plan  model,  Rosemead  Blvd.  Bridge  drop  structure.  The  black 

rectangles  on  bridge  abutment  represent  end  of  beams 


Photo  U8  (sheet  2 of  2) 
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Scour  after  1-hr  run 
Photo  50  (sheet  2 of  2) 
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Looking  downstream  from  right  side 

discharge  ^^0,000  cfs,  tailwater  el  211.5,  bridge  invert  el  199*0  (sheet  1 of  2) 


Looking  downstream 


Looking  across  channel  from  left  side 
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Looking  upstream 
Photo  56.  Rock  protection  plan 
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Looking  upstream 

discharge  U0,000  cfs,  tailwater  el  207.7,  bridge  invert  el  199.0  (sheet  1 of  2) 
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PART  VI:  SAN  JOSE  DIVERSION  CHANNEL 
AT  SAN  GABRIEL  RIVER 


The  Prototype 

71.  San  Jose  Creek  rises  in  the  extreme  eastern  end  of  the  San 
Gabriel  Valley  and  flows  southwesterly.  The  San  Jose  Creek  normally 
would  flow  into  the  Sein  Gabriel  River  just  downstream  of  the  spillway 
(see  Plate  2),  but  in  order  to  control  flood  flows  in  San  Jose  Creek 
it  was  planned  to  divert  the  flows  and  form  a confluence  with  the  San 
Gabriel  River  upstream  from  the  termination  of  the  east  embankment  of 
Whittier  Narrows  Dam.  The  diversion  channel  is  trapezoidal  in  cross 
section,  with  a base  width  of  150  ft  and  lV-on-2.30H  side  slopes  l6  to 
IT  ft  in  height.  The  San  Gabriel  River  is  trapezoidal  in  cross  section. 
The  channel  upstream  from  the  confluence  has  a base  width  of  ^+50  ft;  the 
channel  downstream  from  the  confluence  has  a base  width  of  500  ft.  The 
channel  upstream  of  the  confluence  will  carry  a discharge  of  6l,000  cfs; 
at  the  junction,  the  combined  discharge  is  99 » 000  cfs. 

Description  of  Model 

72.  The  model,  constructed  to  an  undistorted  scale  ratio  of  1:60, 
reproduced  3,200  ft  of  the  San  Jose  diversion  channel  and  6,000  ft  of 
San  Gabriel  River  at  which  5»000  ft  was  downstream  from  the  confluence. 
The  model  is  an  integral  part  of  the  Whittier  Narrows  Dam  general  model. 
The  levees  and  stabilizers  were  cast  in  concrete.  The  finished  concrete 
levees  and  the  sand  streambed  closely  approximated  the  assiuned  design 
"n"  value  of  0.030  for  the  prototype.  Crushed  rock  was  used  to  simulate 
the  quarrystone  used  as  toe  stone  protection  along  the  levees  and  rock 
protection  downstream  of  the  stabilizers.  The  rock  used  in  the  model 
had  a specific  gravity  of  2.6  and  was  assimied  to  be  equal  to  that  used 
in  the  prototype. 
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Original  Design 

73.  The  original  design  was  constructed  as  shown  in  Photo  63. 

The  San  Jose  Creek,  upstream  from  the  confluence  with  the  San  Grahriel 
River,  is  a 150-ft-wide  trapezoidal  channel  designed  to  carry  38,000  cfs. 
San  Jose  Creek  enters  the  Junction  with  a 1,250-ft-radius  cxurve.  The 
San  Gabriel  River  from  the  junction  downstream  is  500  ft  wide  and  the 
design  discharge  for  this  main  channel  is  99,000  cfs.  The  stabilizers 
on  the  Saul  Gabriel  River  were  located  at  sta  12lli+00  and  1200+00.  The 
stabilizer  on  the  San  Jose  Creek  was  located  at  sta  29+85.61*  near  the 
semicircular  nose  of  the  Junction.  A rock  protection  apron  1*0  ft  by 
6 ft  thick  was  placed  below  each  stabilizer.  A test  with  the  discharge 
combination  of  6l,000  cfs  in  San  Gabriel  River  and  38,000  cfs  in  San 
Jose  Creek  was  made  for  a run  of  l-J/2-hr  duration.  Particular  atten- 
tion was  given  to  (a)  scour  of  the  invert  along  right  levee  toe  of  the 
diversion  channel,  (b)  ^cour  downstream  of  each  stabilizer,  and  (c)  scour 
of  the  invert  at  the  confluence  with  San  Gabriel  River.  After  30  min, 
rock  downstream  of  the  San  Jose  stabilizer  started  to  move.  At  the  end 
of  1 hr  the  right  toe  of  levee  below  stabilizer  at  sta  121U+00  became 
exposed.  Observation  of  flows  during  the  test  and  of  the  scour  pattern 
after  the  run  indicated  excessive  scour  along  the  toe  of  the  right  levee 
in  the  curved  reach  of  the  diversion  channel  upstream  of  the  stabilizer, 
in  the  channel  bottom  Just  downstream  for  the  confluence  nose,  and  along 
the  left  levee  of  the  San  Gabriel  River  downstream  of  the  confluence. 
Undercutting  developed  around  the  nose  and  portion  of  the  stabilizer 
near  the  confluence.  The  semicirciilar  nose  and  stabilizer  would  have 
failed  completely.  The  stabilizer  located  at  sta  12li*+00  was  also 
damaged  from  scour  where  extensive  undercutting  developed  at  the  right 
upstream  toe  of  the  stabilizer.  The  scour  results  of  the  test  are  shown 
in  Photo  61*.  Alterations  were  limited  to  the  placement  of  rock  in  those 
areas  which  were  subject  to  scour. 

Alternative  Design  1 

TU.  This  design  was  similar  to  the  original  design  except  for  the 
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rock  protection  that  was  added  to  the  confluence  nose  and  along  the  toe 
of  right  levee  of  the  diversion  channel  for  a distance  of  300  ft  up- 
stream from  the  stabilizer.  Visual  observations  were  made  of  the  con- 
fluence for  discharges  of  6l,000  cfs  in  San  Gabriel  River  and  38,000  cfs 
in  San  Jose  diversion  channel.  Photo  65  shows  that  the  rock  placed 
along  the  toe  of  right  levee  was  very  effective  in  reducing  the  scour 
that  occ\irs  upstream  of  the  San  Jose  stabilizer.  The  rock  protection 
kept  the  levee  from  being  undercut.  There  was  movement  of  rock  down- 
stream of  the  stabilizers  but  not  as  severe  as  in  the  previous  test; 
however,  the  deep  scour  hole  downstream  of  the  confluence  nose  was 
similar  to  the  one  that  developed  in  the  original  design  test. 


Alternative  Design  '2 


75-  In  this  design,  the  rock  protection  along  the  toe  of  right 
levee  was  lengthened  to  5OO  ft  and  a rock  fillet  was  added  to  the  right 
upstream  edge  of  the  stabilizer.  Rock  protection  also  was  placed  along 
the  toe  of  right  levee  for  a distance  of  250  ft  below  the  stabilizer  at 
sta  I21I++OO.  The  rock  protection  in  place  before  the  test  run  is  shown 
in  Photo  66.  A model  test  was  conducted  with  a flow  combination  of 
61,000  cfs  in  San  Gabriel  River  and  38,000  cfs  in  San  Jose  diversion. 
With  this  flow  combination,  backwater  from  Sein  Gabriel  produced  an  un- 
dulating jximp  that  began  Just  downstream  of  the  San  Jose  stabilizer. 
Results  of  the  test  indicated  that  in  general,  the  rock  protection  was 
satisfactory.  The  scour  pattern  of  the  channel  bottom  downstream  from 
the  confluence  extended  diagonally  across  the  width  of  the  San  Gabriel 
River  for  a distance  of  about  900  ft  (Photo  6T ) • A second  test  was  con- 
ducted with  a discharge  of  15,000  cfs  in  San  Gabriel  River  and  the  maxi- 
mum discharge  (38,000  cfs)  in  San  Jose  diversion.  This  flow  combination 
would  not  produce  backwater  nor  induce  a hydraulic  jump.  The  flow  over 
the  stabilizer  impinged  on  the  downstream  rock  protection  causing  a deep 
scour  hole  downstream  of  the  stabilizer.  Most  of  the  downstream  rock 
protection  was  washed  away.  Photo  68  shows  flow  conditions  and  scour. 


■i  ' 


233 


» 

1 


i 


76.  To  reduce  scouring  of  the  immediate  area  downstream  of  the 
confluence  and  eliminate  the  detrimental  undercutting  of  the  levees,  a 
new  design  concept  was  adopted  as  shown  in  Plate  6l  and  in  Photo  69. 

The  right  levee  of  San  Jose  diversion,  which  was  previously  concentric 
with  the  left  levee,  was  constructed  on  a continuous  straight  alignment 
to  where  it  joins  the  left  levee  of  San  Gabriel  River  with  a 50-ft- 
radius  nose.  The  left  levee  of  San  Jose  diversion  and  the  left  levee 
of  San  Gabriel  River  are  connected  with  a 925-ft-radius  curve.  The  San 
Jose  stabilizer  was  located  upstream  of  the  confluence  nose  at 
sta  32+85.00.  No  change  was  made  to  the  location  of  the  San  Gabriel 
stabilizer;  it  remained  at  sta  12llt+00.  To  reduce  the  scoiir  at  the 
downstream  side  of  the  stabilizers  as  determined  in  the  designs  pre- 
viously tested,  rock,  was  placed  as  shown  in  Photo  69.  The  rock  apron 
below  the  stabilizers  was  30  ft  long  by  6 ft  thick.  The  toe  rock  along 
the  levee  and  around  the  confluence  nose  had  a berm  10  ft  wide  and  6 ft 
thick. 

77*  The  first  observation  and  measurements  were  made  with  a flow 
combination  of  6l,000  cfs  in  San  Gabriel  River  and  38,000  cfs  in  San 
Jose  diversion,  producing  a combined  discharge  of  995000  cfs  in  San 
Gabriel  River  downstream  from  the  confluence.  V/hen  all  test  data  had 
been  obtained  with  this  combination,  observations  and  measurements  were 
made  with  a flow  combination  of  15,000  cfs  in  San  Gabriel  River  and 
38,000  cfs  in  San  Jose  diversion. 

78.  With  the  61,000-  and  38,000-cfs  combination,  the  flow  was 
generally  uniform  in  depth  with  no  disturbances  of  great  magnitude. 

The  jump  downstream  from  the  stabilizer  was  undular  in  form.  Flow  con- 
ditions and  resulting  scour  for  this  combination  are  shown  in  Photo  70. 
The  scour  photographs  show  that  the  streambed  was  uniformly  scoured 
across  the  entire  width  of  channel  downstream  of  the  stabilizer  and 
verify  the  existence  of  a uniform  flow  distribution  downstream  of  the 
San  Jose  stabilizer.  The  scour  photographs  indicate  that  there  was 
very  little  movement  of  the  rock  and  no  undercutting  of  the  rock  apron. 
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Examination  of  the  levees  indicated  that  negligible  scour  occiirred.  The 
scour  pattern  is  shown  in  Plate  6l. 

79-  The  simxiltaneous  flows  of  15,000  cfs  in  San  Gabriel  River  and 

38.000  cfs  in  San  Jose  diversion  produced  a marked  increase  in  scour. 
This  indicates  that  the  backwater  produced  by  the  6l,000  cfs  in  San 
Gabriel  River  in  the  previous  flow  combination  was  effective  in  mini- 
mizing the  scour  which  woiild  develop  downstream  of  the  stabilizer  and 
channel  downstream.  Photo  71  shows  the  scovir  after  a l-l/2-hr  run;  the 
scour  pattern  is  shown  in  Plate  62.  The  stabilizers  were  not  scoured; 
the  rock  apron  provided  satisfactory  protection  for  the  stabilizers. 

80.  The  last  test  was  to  determine  if  eliminating  the  toe  rock 
protection  along  the  levee  and  nose  and  lengthening  the  rock  apron 

to  itO  ft  would  cause  undesirable  sco\ir.  The  flow  combination  of 

61.000  cfs  in  San  Gabriel  River  and  38,000  cfs  in  San  Jose  diversion 
was  used  in  the  test.  There  was  an  increase  in  depth  of  scovir  along 
the  levee  toe  and  the  confluence  nose  although  there  was  no  marked 
change  in  the  scoiir  pattern.  No  photographs  were  taken  but  depth  of 
scour  was  measured  and  plotted;  scour  pattern  is  shown  in  Plate  63. 

81.  Res\ilts  of  the  tests  indicated  that  in  general,  the  design 
of  the  confluence  was  satisfactory.  No  flow  disturbances  developed  in 
San  Gabriel  River  downstream  from  the  confluence  and  freeboard  on  the 
levees  provided  in  the  design  was  adequate.  Scovir  tests  of  the  stream- 
bed  and  the  simulation  of  quarrystone  used  as  toe  stone  protection  for 
the  levee  and  rock  apron  below  the  stabilizers  were  considered  to  be 
qualitative;  but  the  flow  conditions  observed  in  the  model  indicated 
that  the  quarrystone  would  be  satisfactory  as  rock  protection  for  the 
stabilizers  and  levees. 
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Looking  upstream  Looking  downstream 

Photo  63.  Original  design,  San  Jose  diversion  channel 
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Looking  upstream,  San  Gatriel  stabilizer  Looking  across  channel  from  left  side 

San  Gabriel  stabilizer 


Photo  68.  Alternative  design  2,  flow  conditions  and  scour;  discharge  San  Gabriel  River  15»000  cfs 

San  Jose  diversion  38,000  cfs 


Looking  downstream  (close-up) 

P^ioto  69.  Final  design  for  San  Jose  diversion  channel  with  rock  protection  added 
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PART  VII:  RIO  HONDO  INLET  CHANNEL  INTO 
WHITTIER  NARROWS  BASIN 

The  Prototype 

82.  The  Rio  Hondo  inlet  is  concrete-lined,  is  trapezoidal  in 
cross  section  with  a base  width  of  150  ft,  and  has  side  slopes  of  IV 
on  2.25H  and  an  invert  grade  of  0. 002363 . The  inlet  channel  was 
designed  for  a discharge  of  51,000  cfs. 

The  Model 

83.  The  model,  constructed  to  a scale  ratio  of  1:50,  reproduced 
U50  ft  of  channel  and  1,000  ft  of  the  reservoir  area.  The  material  used 
in  constructing  the  model  consisted  of  wood,  sand,  and  rock.  Derrick 
stone  was  simulated  by  1-in.  crushed  rock.  The  features  that  were  con- 
sidered in  the  study  were  the  channel  terminus  and  the  scour  of  the  sand 
bed  downstream  of  the  inlet  channel  which  is  located  within  the  reser- 
voir area.  A control  gate  at  the  forebay  was  used  to  obtain  the  re- 
quired depth  at  the  upstream  end  of  the  channel.  The  desired  reservoir 
tailwater  elevation  was  maintained  by  an  adjustable  tailgate  at  the 
downstream  end  of  the  model. 

Scale  Relations 

of  model  data  to 
in  the  following 

Scale  Relations 
1:50 

1:2,500 

1:T.0T 


81*.  The  general  relations  for  the  transfer 
prototype  equivalents  or  vice  versa  are  presented 
tabulation: 


Dimension 

Length 

Area 

Velocity 


Ratio 


A = L^ 
r r 

V 

r r 
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Dimension 


Ratio 


Scale  Relations 


Discharge 

Roughness 


General  Procedure 


1;1T,6t8 

1:1.919 


85.  The  combined  peak  inflow  to  the  Whittier  Narrows  flood- 
control  basin  during  the  reservoir  design  flood  would  be  70,000  cfs  and 
the  maximum  pool  elevation  developed  would  be  229.0.  The  peak  inflow 
from  the  Rio  Hondo  inlet  channel  was  asstimed  to  be  29,900  cfs.  A design 
flood  hydrograph  was  used  to  determine  the  time-discharge  relations  for 
the  test  nins  in  the  model.  The  tests  were  made  over  a 12-hr  (proto- 
type) hydrograph  starting  with  a low  discharge  of  9»100  cfs  and  termi- 
nating with  a discharge  of  10,800  cfs  on  the  descending  stage  of  the 
hydrograph.  The  design  discharge  that  was  used  in  the  design  of  Rio 
Hondo  inlet  channel  was  51 » 000  cfs.  With  this  discharge,  the  test  run 
was  for  a l/2-hr  (model)  duration  and  reservoir  pool  assumed  at  el  220.0. 

The  Original  Design 

86.  The  original  design  was  constructed  as  shown  in  Plate  61  and 
Photo  72.  The  end  of  the  concrete-lined  channel  was  terminated  at 

sta  590+00.  A 100-ft  long  transition  composed  of  ungrouted  derrick 
stone  (2,000  lb  maximum)  expanded  the  channel  from  a base  width  of 
150  ft  to  a base  width  of  300  ft.  The  first  test  was  conducted  using 
the  design-flood  hydrograph  having  a peak  discharge  of  29,900  cfs  and 
maximum  tailwater  elevation  of  229.0.  There  was  sufficient  tailwater 
to  produce  a hydraulic  Jinnp  for  all  flows.  The  hydraulic  action  of  this 
design  with  a peaJc  discharge  of  29,900  cfs  is  indicated  in  Photo  73- 
The  ungrouted  derrick  stone  section  demonstrated  that  satisfactory  flow 
conditions  were  obtained  for  a discharge  of  29,900  cfs.  The  stone 
roughness  prevented  the  acceleration  of  the  flow  downstream.  Plate  61 
and  Photo  7l  show  the  relative  scour  that  occurred  downstream  of  the 


stone  section.  With  a discharge  of  51 » 000  cfs,  and  pool  elevation  of 
220.0,  the  scour  was  more  severe  as  shown  in  Photo  75-  The  lack  of 
sufficient  pool  depth  to  produce  tailwater  resulted  in  excessive  scour- 
ing at  the  downstream  end  of  the  inlet  channel. 


The  Final  Design 


8j.  In  the  final  design  the  150-ft-wide  concrete  channel  was  ex- 
tended downstream  ^tO  ft  and  rounded  ends  were  added  to  the  levees  down- 
stream. Two  tests  were  made  on  the  fineil  design.  The  first  test  was 
conducted  using  1/2-in.  crushed  rock  which  simulated  TOO-lb  derrick 
stone  for  the  downstream  end  protection.  The  rock  protection  was  placed 
at  a lV-on-5H  slope  beginning  at  the  end  of  the  concrete  channel  and 
continuing  downstream  for  50  ft  to  a depth  of  10  ft.  The  placement  of 
the  rock  protection  is  shown  in  Photo  76.  The  test  was  conducted  using 
the  same  hydrograph  that  was  used  in  testing  the  original  design. 

Resiilts  of  the  test  with  a peak  discharge  of  29,000  cfs  show  that  most 
of  the  rock  protection  was  scoured  away  (Photo  TT ) • The  area  scoured 
during  the  test  is  shown  in  Plate  65.  The  second  test  was  conducted 
with  1-in.  rock  (simulating  2,000-lb  maximum  derrick  stone)  for  the 
downstream  end  protection  (Photo  78).  The  model  was  tested  for  a design 
discharge  of  51»000  cfs.  Flow  conditions  and  results  of  this  test  are 
shown  in  Photo  79  and  in  Plate  66.  The  1-in.  rock  provided  satisfactory 
protection  for  the  end  of  the  concrete  channel;  therefore  this  design 
was  considered  satisfactory. 
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Closeup  view  from  right  side 

Photo  Original  design,  scour  after  hydrograph  run;  peak  discharge  29,900  cfs 


Looking  upstream  from  left  side  Looking  upstream  from  right  side 

Scour  after  hydrograph  run 

Photo  77.  Final  design,  test  with  1/2-in.  rock  protection,  peak  discharge  29,900  cfs 
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In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


United  States.  Army.  Corps  of  Engineers. 

Los  Angeles  District. 

Whittier  Narrows  Flood  Control  Basin,  Los  Angeles  County 
Drainage  Area,  California;  hydraulic  model  Investigation  / 
ihy  Dave  A.  Barelaj.  ^Vicksburg,  Miss.  : U.  S.  Waterways 
Experiment  Station,  ; Springfield,  Va.  : available  from 
National  Technical  Information  Service,  1979. 

xll,  263  p.,  66  leaves  of  plates  : 111.  ; 27  cm.  (Report  - 
U.  S.  Army  Engineer  District,  Los  Angeles  ; 2-112) 

1.  Diversion  channels.  2.  Drop  structures.  3.  Flow  charac- 
teristics. 4.  Hydraulic  models.  5.  Los  Angeles  County 
Drainage  Area.  6.  Outlet  works.  7.  Spillways.  8.  Whittier 
Narrows  Dam.  9.  Whittier  Narrows  Flood-Control  Basin. 

I.  Barela,  Dave  A.  II.  Series:  United  States.  Army.  Corps 
of  Engineers.  Los  Angeles  District.  Report  ; 2-112. 
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